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This  study  revises  and  updates  the  appropriate  sections  of  Military  Handbook 
217B,  "Reliability  Prediction  of  Electronic  Equlpmcint,”  pertaining  to  semi- 
conductor devices,  section  2.2.  More  than  200  billion  part-hours  of  field 
operating  data  were  collected  and  analysed  during  the  study  effort.  Sig- 
nificant revisions  were  made  to  environmental  factors  and  some  i;iiality  fac- 
tors.^ 
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SUMMARY 


This  report  describes  the  results  of  a 16-inonth  program  conducted  by 
Martin  Marietta  to  revise  the  discrete  semiconductor  device  sections  of  MIL- 
HDBK-217B,  "Reliability  Prediction  of  Electronic  Equipment."  This  report  sum- 
marizes the  data  collected  and  the  revisions  to  the  handbook  failure  rate  mod- 
els; the  actual  revision  sheets  to  be  inserted  into  the  handbook  are  provided 
as  an  addendum  to  this  report. 

More  than  200  billion  part-hours  of  operating  data  were  collected  in  nine 
different  enviromental  application  catagorles.  The  data  were  obtained  as  a 
result  of  an  extensive  collection  program  that  Included  the  survey  of  private 
contractors,  government  facilities,  and  research  institutions  throughout  the 
country.  The  collected  data  were  grouped,  analyzed,  and  statistically  tested 
for  homogeneity  before  being  combined  into  a normalized  data  base.  In  the 
process,  approximately  50  percent  of  the  collected  data  were  deleted  from  the 
data  base  because  it  was  either  incomplete  or  nonhomogeneous . Table  1 on 
page  7 reflects  the  total  operating  part-hours  by  group  and  part  type  that 
were  finally  included  in  the  data  base. 

Within  the  part  type  groupings  as  shown  in  Table  1,  the  data  were  or- 
ganized into  groups  of  similar  environmental  factor,  xg,  and  then  into  sub- 
groups of  similar  quality  factor,  xq.  A weighted  average,  basic  failure  rate 
was  then  calculated  from  the  field  data  and  modified  by  the  existing  x factors 
of  MiL-HDBK-217B.  A predicted  failure  rate  was  then  selected  from  the  appli- 
cable basic  failure  rate  matrix  charts  of  MIL-HDBK-217B  at  the  average  temper- 
ature and  stress  ratio  of  the  data  subgroups.  All  averages  were  weighted  ac- 
cording to  the  number  of  operating  part-hours  of  the  data  elements. 

The  factored  field  data  failure  rates  were  then  compared  to  the  predicted 
basic  failure  rates  and  a variance  ratio  calculated.  This  variance  ratio  was 
compared  for  many  different  combinations  of  data  groups  in  search  of  definite 
patterns  that  would  indicate  the  need  to  modify  specific  x factors  or  basic 
failure  rates. 

A general,  across-the-board  reduction  in  observed  failure  rate  was  the 
most  significant  result  of  the  analysis.  This  appears  to  be  predictable  since 
semiconductor  manufacturers  are  continuously  advancing  the  technology  for  im- 
proved device  quality.  Introduction  of  TX  and  TXV  requirements  for  semicon- 
ductor quality  have  tended  to  Infuse  higher  quality  into  JAN  and  even  commer- 
cial grade  devices  within  the  same  manufacturing  facility. 

Martin  Marietta  recommends  that  MIL-HDBK-217B  be  modified  to  include: 

^ Changes  in  environmental  condition  classifications  to  include  separate 
factors  for  fighter,  or  supersonic,  high  performance,  tactical  air- 
craft versus  transport  or  subsonic  patrol  and  cargo  aircraft.  Also 
establishment  of  appropriate  quantitative  values  for  these  factors. 


1 


2 Reduction  of  the  quantitative  value  of  the  n factor  for  naval  sheltered 
environment. 

_3  Reduction  in  value  of  the  quality  level  n factors  for  semiconductor 
groups  I through  V. 

These  changes  are  summarized  in  Tables  4 and  5. 


PREFACE 


This  final  report  was  prepared  by  the  Orlando  Division  of  Martin  Marietta 
Corporation  for  the  Rome  Air  Development  Center  (RADC),  Grlfflss  Air  Force 
Base.  New  York,  under  Contract  F30602-76-C-0337.  The  purpose  of  the  contract 
was  to  revise  and  update  M1L-HDBK-217B,  section  2.2,  that  covers  discrete  semi' 
conductors,  excluding  microwave  devices  (f  > 400  MHz). 


This  report  Is  CDRL  Sequence  Number  A002  (CLI  0003)  and  covers  the  period 
from  July  1976  to  November  1977.  The  original  termination  date  of  the  study 
was  August  1977;  but  because  of  delays  encountered  In  the  acquisition  of  data 
required  for  the  effort,  the  study  completion  date  was  extended  to  November 
1977  at  no  additional  cost  to  the  government.  The  RADC  Project  Engineer  was 
Mr.  Lester  J.  Gubblns  (RBRT). 
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to  the  acquisition  and  analysis  of  data  were:  Brad  Olsen,  George  Guth,  Edwin 
Kimball,  Thomas  Rlrejczyk,  Nell  Owen,  Lynn  Mercer,  Aaron  Penkaclk,  Betty 
Thomas,  Lynn  Westllng,  Robert  Uhalen,  and  Thomas  Young.  Overall  guidance  was 
provided  by  Messrs.  William  Carpenter,  Robert  Eldredge,  and  Thomas  Gagnler. 
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1.0  INTRODUCTION 

Discrete  semiconductors  continue  to  be  used  In  significant  quantities  In 
new  electronic  equipment,  and  their  large  population  can  have  a definite  Impact 
on  total  equipment  reliability.  As  reliability  prediction  plays  an  Important 
role  In  the  early  conceptual  definition  of  new  equipment  and  In  the  planning 
for  Its  operational  support.  It  Is  necessary  to  continually  assess  the  valid- 
ity of  reliability  prediction  models  and  methods.  Therefore  In  July  1976, 

Rome  Air  Development  Center  awarded  Martin  Marietta  Contract  Number  F30602-76- 
C-0337,  entitled  "Failure  Rate  Mathematical  Models  for  Discrete  Semiconduc- 
tors". 


This  study  consisted  of  an  evaluation  of  the  existing  failure  rate  pre- 
diction models  of  MIL-HDBK-217B  when  compared  to  currently  experienced  field 
! operating  data.  Where  significant  variances  were  detected,  recommended 
^ changes  to  the  existing  models  were  defined  In  order  to  reconcile  predictions 
^ with  observed  results. 

[ This  report  describes  method  of  evaluation,  the  results  and  conclusions 

I of  the  engineering  study,  and  Includes  as  an  addendum  revised  pages  to  up- 
I date  section  2.2  of  MIL-HDBK-217B. 


2.0  DATA  COLLECTION 


To  provide  a data  base  for  the  study,  a data  collection  effort  was  Initi- 
ated upon  contract  award.  This  effort  Included  a survey  of  Industry  and  gov- 
ernment agencies  for  recent  field  operating  data  on  semiconductor  devices  and 
a literature  search  for  published  Information  In  Journals,  reports,  seminars, 
etc. 

2.1  Data  Survey 

A list  of  potential  data  sources  was  generated  from  previous  study  con- 
tracts, Government- Industry  Data  Exchange  Program  (GIDEP)  memberships,  and 
from  sources  suggested  by  RADC.  A total  of  560  private  companies  and  govern- 
ment agencies  Identified  as  potential  data  sources  were  sent  a data  survey 
letter.  Responses  were  received  from  260  - approximately  46  percent.  Each 
survey  sheet  was  reviewed  to  determine  If  the  data  were  applicable  to  this 
study.  After  this  Initial  screening,  the  remaining  respondents  were  contacted 
by  telephone  to  discuss  the  data  In  more  detail  and  to  determine  the  avail- 
ability of  the  data.  Where  possible,  the  data  were  mailed  directly  to  Martin 
Marietta.  In  those  cases  where  significant  data  retrieval  was  possible,  visits 
to  the  data  sources  were  arranged.  During  these  visits,  the  operational  data 
were  Jointly  reviewed,  reduced  as  necessary,  and  brought  back  for  further  an- 
alysis. Component  failure  was  defined  as  the  Inability  of  the  component  to 
properly  perform  Its  Intended  function,  resulting  In  Its  being  repaired  or  re- 
placed. Whenever  detailed  failure  Information  was  available,  all  secondary 
failures,  premature  removals,  procedural,  and  personnel  errors  were  consored. 

Since  most  data  obtained  listed  only  the  quantity  of  failures  and  experi- 
ence with  no  elaboration  of  failure  modes  and  mechanisms,  much  of  the  data  are 
dependent  upon  each  source's  ability  to  properly  categorize  Its  equipment 
failures.  As  a result  of  direct  contact  with  most  of  the  sources,  however.  It 
Is  felt  that  the  majority  of  data  contributed  to  this  study  were  properly 
screened  by  the  contributors.  As  an  additional  check,  a statistical  outlier 
test  was  performed  on  the  data,  and  any  data  that  deviated  significantly  from 
the  majority  were  eliminated.  Therefore  a high  degree  of  confidence  has  been 
developad,  which  warrants  the  practical  application  of  these  data. 

Data  collection  visits  were  made  to  47  data  sources  on  5 separate  trips 
to  the  Northeast,  Midwest,  Southwest,  southeim  California  and  northern  Cali- 
fornia. Most  of  the  useful  data  for  this  stidy  were  obtained  from  these  data 
collection  visits.  A summary  of  data  source!  contributing  to  this  study  is 
contained  In  Appendix  A.  Table  1 suimurizes  total  part-hours  by  group  and  part 
type  after  data  screening  as  described  in  pariagraph  3.1. 

2 . 2 Literature  Review 

A comprehensive  literature  search  was  made  to  obteln  Informetlon  pertinent 
to  the  study  on  reliability  of  discrete  semiconductor  devices.  A computer 
search  produced  a bibliography,  which  was  then  reviewed  for  applicability. 

Data  sources  used  In  this  computer  search  Included  the  Defense  Documentation 
Center  (DDC),  NASA  Scientific  and  Aerospace  Reports  (STAR),  and  the  National  , / .. 

Technical  Information  Services  (NTIS).  In  addition,  Martin  Marietta's  Tech-  ! .. 

nlcal  Information  Center  (TIC)  was  researched  for  recent  applicable  technical  'tl 

Amfm  i. 
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Table  1.  Sumnary  of  Operating  Data  by  Group  and  Part  Type 


Group 


Part  Type 


Part  Hours 


Translators 


SI,  NPN 

45,480,000,000 

SI,  PNP 

19,375,000,000 

I 

Ge,  PNP 

825,000,000 

Ge,  NPN 

1,635,000,000 

II 

FET 

1,310,000,000 

III 

Unijunction 

22,000,000 

Diodes 


3.0  DATA  ANALYSIS 


3.1  Staclsclcal  Methoda,  AssumpClonst  and  Ground  Rules 

Operational  data  on  discrete  semiconductors  were  collected,  analyzed,  and 
summarized  by  component  type,  use  environment,  and  quality  grade.  The  follow- 
ing sections  describe  the  basic  ground  rules  and  assumptions  used  In  this  anal- 
ysis and  define  the  statistical  tests  used  In  combining  the  data.  The  method 
used  for  calculating  failure  rates  at  a given  confidence  level  Is  Included. 
Numerical  examples  are  given  for  the  statistical  rests  and  the  calculation  of 
failure  rates. 

Calculation  of  Failure  Rates 


All  failure  rates  are  calculated  at  the  upper  single-sided  60  percent 
confidence  level.  Prior  to  calculating  the  confidence  levels,  it  had  to  be 
determined  whether  the  component  data  were  time  or  failure  truncated.  Since 
no  known  Instances  of  failure  truncated  information  were  reported,  received, 
or  documented,  it  was  assumed  that  the  data  were  time  truncated.  The  upper 
60  percent  confidence  level  failure  rate  can  be  calculated  by  using  the  com- 
ponent part  hours  and  the  Chi  square  (x^)  value  at  2r  -t-  2 degrees  of  freedom 
at  the  40  percent  level  of  significance  point.  If  the  data  had  been  failure 
truncated,  the  value  would  be  obtained  at  2r  degrees  of  freedom.  The  follow- 
ing general  equation  obtained  from  Reference  1 is  used  for  calculating  the 
failure  rate: 


x^(ot.  2r  + 2) 
2T 


upper  single-sided  confidence  level 


where 


r ■ number  of  failures  and  determines  the  degree  of  freedom  coordi- 
nate used  In  determining 

2r-f2  ■ total  number  of  degrees  of  freedom 

a ■ acceptable  risk  of  error  (40  percent  in  this  study) 

1-0  confidence  level  (60  percent  In  this  study) 

T ■ total  number  of  component  part  hours. 

As  an  example,  two  failures  during  20.722  x 10^‘  part-hours ‘of  airborne 
operation  were  used  in  calculating  the  failure  rate  at  the  upper  single-sided 
60  percent  confidence  level.  Reference  2 was  used  as  the  source  for  the  x^ 
value.  The  results  are  as  follows: 


Reference  1.  ARIHC  Research  Corporation,  "Reliability  Oigineering,"  p 173, 
Prentice-Hall  Inc.,  Engalwood  Cliffs,  New  Jersey,  1964. 

Reference  2.  Held,  A.,  "Statistical  Tables  and  Formulas,"  ’’’able  7,  pp  41-43, 
John  Wiley  and  Sons,  Inc.,  New  York,  1952. 
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Failure  rate  (60  percent  confidence) 


6.21 


X (0-40,  6) 
2T 


41.444  X 10" 


Failure  rate  (60  percent  confidence)  ■ 0.150  failures/lO^  part-hours. 


Since  the  statistical  tables  used  are  limited  to  values  up  to  100  de- 
grees of  freedom,  it  was  necessary  to  calculate  an  estimate  of  the  percen- 
tile points  wherever  more  than  49  failures  were  observed  in  the  data.  In  ac- 
cordance with  Reference  2,  x^  confidence  level  values  are  approximated  by: 

Xp  “ 1/2  (Zp  + /2f  - 1)^ 


where 


2 

f 

Z 

P 


2 

approximated  x value 

total  number  of  degrees  of  freedom 

#• 

0.25335  and  is  the  value  of  the  standard  normal  variable  at  the  60 
percent  significance  level. 


Using  actual  data  from  silicon,  NPN,  transistors,  which  had  1060  failures 
in  11,271  X 10^  part-hours  of  fixed  ground  operation,  the  failure  rate  for  the 
upper  single-sided  60  percent  confidence  level  is  calculated  as  follows: 


Failure  rate  (60  percent  confidence) 


1/2(0.25335  + /2(2122  - 1) 


2(11,271  X 10  ) 

Failure  rate  (60  percent  confidence)  ” 0.095  fallures/10^  part-hours. 
Test  of  Homogeneity  of  Data 


As  billions  of  part-hours  of  data  are  collected  from  many  different 
sources,  the  analyst  is  faced  with  the  task  of  determining  how  the  data  should 
be  combined.  Homogeneity  of  component/part-type  populations  must  be  maintained 
to  prevent  the  introduction  of  bias  and  loss  of  precision  in  component  failure 
rates.  Therefore,  all  line  items  of  failure  rate  data  were  carefully  studied 
and  evaluated,  and  then  reordered  and  categorized  on  the  basis  of  component 
type,  component  subgroup  type,  quality  grade,  and  environmental  application. 


Before  combining  the  data,  a statistical  test  for  homogeneity  was  re- 
quired. The  Dixon  Criterion  test  was  selected  to  statistically  detect  and 
identify  those  data  entry  failure  rates  that  might  significantly  deviate  from 
the  family  of  failure  rate  entries  under  analysis.  The  ground  rules  and  sta- 
tistical assumptions  used  for  Dixon  Criterion  testing  are  as  follows: 

1 Failure  rate  observations  derived  from  each  line  entry  come  from  a 
single  normal  population. 
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2^  Population  mean  and  standard  deviation  of  the  failure  rate  observa- 
tions are  unknown.  The  data  sample,  consisting  of  the  failure  rate 
line  entries.  Is  the  only  source  of  Information. 

2 The  probability  of  risk  (a)  for  rejecting  an  observation  that  truly 
belongs  In  the  group  Is  10  percent.  Line  Items  significantly  differ- 
ent at  either  end  of  a 90  percent  two-sided  confidence  Interval  are 
culled  from  the  sample  before  a final  combined  failure  rate  estimate 
Is  calculated.  (See  Calculation  of  Failure  Rates  (above)  for  a 
discussion  o£  the  method  used  for  calculating  confidence  Inter- 
vals.) 

^ A minimum  of  three  line  entries  of  failure  rate  data  Is  necessary  In 
testing  the  homogeneity  of  the  samples. 

As  an  example.  Table  2 contains  five  ordered  line  Items  of  failure  data 
received  on  silicon  transistors  and  the  formulas  for  Identifying  outliers  at 
the  upper  and  lower  ends  for  a sample  size  of  five  Items.  The  formula  for 
testing  at  the  high  end  for  a sample  size  of  four  Is  also  Included. 


Table  2.  Combination  of  Failure  Data  Line  Entries 
for  Silicon  Transistors 


Failure  Rate 
(Fallures/lO^ 
Part-Hours) 

Part-Hours 
(x  106) 

Failures 

Xj^  - 0.00024 

8374.005 

2 

X2  - 0.00065 

1529.973 

1 

X^  - 0.00350 

288.586 

1 

X,  - 0.00480 

4 

4538.441 

22 

Xj  - 0.25000 

31.860 

8 

For  a sample  size  of  five  and  If  the  low  end  Is  suspect. 


X - X, 

reject  X,  if  ^ > 0.642. 

5 " ^ 

For  a sample  size  c€  five  and  the  high  end  is  suspect, 
X - X 

reject  X.  If  ^ 0.642. 

5 7^ 

t 

For  a sample  size  of  four  and  the  high  end  Is  suspect. 


reject  If 


0.765. 
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To  test  acceptability  of  sample  at  the  low  end,  the  applicable  failure 
rates  In  failures  per  10^  part-hours  are  substituted  Into  the  corresponding  for- 
mula and  the  result  obtained  Is: 

^2  " *1  0.00065  - 0.00024  

■ 0.25  - 0.00024  ■ 

This  value  Is  less  than  0.642;  therefore,  for  a sample  size  of  five,  the 
lowest  ordered  failure  rate  Is  within  the  acceptable  boundary.  To  test  accep- 
tability of  sample  entry  X3  at  the  high  end,  again  the  applicable  values  are 
substituted  Into  the  corresponding  formula  for  a sample  size  of  five  and  the 
result  obtained  Is: 


^5  ~ h 0.250  - 0.0048  _ 

Xj  - X^  0.250  - 0.00024 

This  value  Is  greater  than  0.642.  Therefore,  the  failure  rate,  0.250, 
and  Its  associated  part-hours  and  failures  must  be  rejected  and  would  not  be 
combined  in  the  final  failure  rate  estimate. 

The  test  Is  rerun  for  a sample  of  four  entries.  Again,  sample  entry  X^ 
at  the  low  end  Is  found  not  be  be  rejected.  At  the  high  end,  the  result  ob- 
tained is: 


^4  ' ^3  0.0048  - 0.0035  _ - 

X,  - X “ 0.0048  - 0.00024 
4 1 

which  Is  less  than  0.765.  This  time  all  data  are  accepted.  Thus,  an  Itera- 
tive testing  process  using  the  Dixon  Criterion  Is  continued  until  both  the  low 
end  and  high  end  values  are  accepted. 

The  data  and  tables  used  for  determining  formulas  and  statistics  to  be 
applied  for  various  sample  sizes  were  obtained  from  Reference  3. 

3.2  General  Analysis  Procedure 

A 

A general  method  for  analyzing  the  collected  data  was  utilized  to 
compare  base  failure  rates  and  the  effects  of  different  environments  and 
quality  grades.  The  method  developed  normalizes  the  effects  of  actual  tem- 
perature and  stress  realized  by  the  parts  on  which  data  were  collected  and 
compares  the  results  to  the  existing  base  failure  rates  and  modifying  factors 
In  MIL-HOBK-217B.  Where  significant  differences  occurred,  revised  model 
parameter  values  were  derived.  However,  throughout  the  analysis,  engineering 
logic  was  used  In  conjunction  with  analytical  results  In  developing  the  model 
parameters . ^ 


Reference  3.  Natrella,  Hary  C.,  "Experimental  Statistics,"  pp  17-1  through 
17-3,  National  Bureau  of  Standards  Handbook  91,  August  1963. 
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Additional  analyses  were  performed  to  fill  in  gaps  in  the  collected  data 
with  the  primary  purpose  being  to  ensure  consistency  between  a given  model's 
quantitative  factors  that  were  changed  as  a result  of  the  collected  data  and 
the  remaining  factors  that  could  not  be  verified  or  changed  because  of  lack 
of  data. 


Preparing  Raw  Data  for  Analysis 


Base  Failure  Rate  Analysis 


Data  were  now  ready  to  be  analyzed  for  deviations  from  the  existing  MIL- 
HDBK-217B  failure  rate  models.  The  procedure  shown  in  Table  3 was  used  to  de 
termine  differences  in  the  observed  versus  predicted  failure  rates  for  speci- 
fic environments  and  quality  grades.  Data  in  this  table  indicate  that  the  ba 
sic  failure  rate  in  M1L-HDBK-217B  for  field  effect  transistors  is  too  high 
since  all  environments  have  a low  observed-to-predicted  ratio.  The  weighted 
average  was  used  to  reduce  the  base  failure  rate,  Xj,,  in  MIL-HDBK-217B  for 
these  devices.  If  the  handbook  base  failure  rate  is  reduced,  the  average  of 
the  predicted  values  is  equal  to  the  observed  value. 

to  Table  3,  colusns  1 and  2 are  the  cumulative  number  of  fail- 
ures and  operating  part-hours  respectively  from  all  data  sources  that  have  a 
common  environmental  application  and  quality  factor.  Columns  3 through  8 are 
the  respective  w tfhlch  presently  exist  in  MIL-HDBK-217B.  Column  9 is  a 
log  number  that  provides  traceability  to  the  data  base  listing,  which  is 
included  in  Appendix  D. 


Column  10,  the  observed  failure  rate,  is  calculated  from  the  data  in  coL 
umns  1 and  2,  using  the  procedure  described  in  the  paragraph  titled  "Calcula- 
tion of  Failure  Rates."  Column  11  is  the  result  of  dividing  Column  10  by  the 
product  of  Columns  3 through  8 and  produces  a basic  observed  failure  rate 
(^bob)  compared  directly  to  the  predicted  failure  rate.  Coluan 

12,  the  predicted  failure  rate,  is  selected  from  the  existing  tables  of 


MIL-HDBK-217B  using  the  average  stress  ratio  and  operating  temperature  sup- 
plied by  the  data  source.  Finally,  Column  13  is  the  ratio  of  observed  failure 
rate  to  predicted  failure  rate,  which  measures  the  degree  to  which  the  study 
data  base  suggests  a correction  in  MIL-HDBK-217B  factors. 


Figure  1.  Sequence  for  Data  Analysis 


Table  3.  Field  Effect  Transistors  - Data 


C 

m o 

k. 

m <o 

> oc 


>>  ^ 
A c 
o 

4-»  « 

u u 

•o  •- 

o. 

k,  Q. 

& < 


k. 

4-* 

m >» 
^ 4» 
3 > 
U U 
•—  3 

40  (/) 

o 


3 k 

</)  o 


. s 

SSL, 

> 


"O 

4» 


4» 

k. 

a. 


o 


Xi 

M o 
o 

<o  «< 


o 

o 


<^4 


r 


to 

o 

o»^ 


II 


o 


00 


o 


<o 

o 


<0  nO  ^4  ^ tA 

cn  r*>  tn  w 
O O O O O 

d o d o o 


r-k 

o o 

d d 


9^ 

o 

d 


O'  <M 

o o 

d d 


o 

o 


«M 

o 

d 


r»*  *A 

^ (M  ^O 

O S S 

d d d 


o 

d 


00  O' 
fo  «o 
<n  <A 
CM  ^ 


'O 

^ 

gr>  <N 
•H  r> 

d d d 


o 

00 


Ch  o M fN  r> 


I 1 I I I I I I I I I I I * 


OOOOOOOOOOOOAOO  o 


II  I 


I I I I I I 


I I 


o o 

M fM 


o o 
o 


o o 

CN 


o o o o 

• • • • 

O C<4  (N  O 


d d 


ooooooooooo 


»A  lA  *A  *A 
fV  ^4 


'A  tA  lA  lA  »A 
fS  r»4 


00 

>o 


sH 

O' 

00 

PS 

ps» 

o 

»A 

NO 

e*4 

r». 

O' 

rs 

s 

lA 

A| 

O' 

C4 

o 

o 

o 

O 

r4 

O' 

O' 

nO 

O 

O 

o 

o 

lA 

fS 

eH 

O 

s 

lA 

00 

r>4 

o 

o 

o 

o 

o 

<0 

*o 

r> 

•9 

C4 

fA 

«N 

>0 

sO 

«j  s 


»A  <N 
*0-  ^ 
<A 


41 

M r> 


o o o o o o 


14 


*Mo  failure  race  was  calculated  for  this  entry.  It  Is  Included  in  Che  conposite  calculation  Indicated  by  **. 


T Factor  Analysis 


The  correlation  of  failure  rates  of  parts  of  various  quality  level  and  of 
differing  environmental  and  other  application  circumstances  was  made  by  graphic 
comparison  of  the  summarized  and  normalized  data  base.  A one-dlmenslonal  graph 
such  as  the  example  shown  In  Figure  2 was  used. 

The  data  points  are  plotted  according  to  the  ratio  of  observed  to  pre- 
dicted basic  failure  rate;  the  scale  Is  sho%m  on  the  left.  The  data  points 
are  arbitrarily  spread  horizontally  across  the  page  In  order  to  allow  room 
for  a flag  at  each  point  to  Identify  the  associated  environment  and  quality 
factor.  Also,  to  provide  a weighting  factor,  the  number  of  part  operating 
hours  represented  Is  shown.  With  relative  ease  one  can  compare  and  observe 
that  the  various  factors  are  scattered  throughout  the  distribution. 


IS 


4.0  ANALYSIS  RESULTS 


This  section  presents  the  results  of  analyzing  the  data  collected  during 
the  program.  These  results  are  expressed  In  terms  of  recommended  revisions 
to  the  existing  data  on  MIL-HDBK-217B.  The  complete  quantitative  models  and 
factors  have  been  prepared  for  insertion  in  MIL-HDBK-217B.  The  primary  revi- 
sions Involve  the  environmental  and  quality  factors.  The  airborne  environment 
was  expanded  to  four  categories  to  separate  the  effects  of  supersonic  aircraft 
such  as  fighters  from  other  types  of  aircraft  such  as  transports  and  heavy 
bombers.  The  recommended  changes  can  be  divided  Into  two  general  categories: 
those  that  are  clearly  suggested  by  the  data  base  of  this  study,  and  those 
that  are  suggested  In  literature  and  found  to  be  compatible  with  the  data  base. 

4.1  Environmental  Factors 

The  vast  majority  of  data  were  found  in  two  principal  environmental  cate- 
gories, ground  fixed  and  naval  sheltered.  In  the  process  of  data  analysis, 
much  of  the  naval  sheltered  data  were  censored  because  of  variances  that  did 
not  fit  in  the  distribution  of  the  general  data  base.  Since  all  of  the  non- 
conforming  data  were  collected  from  a single  source  and  no  further  examina- 
tion was  possible  Into  the  reporting  methods  of  that  contractor.  It  Is  assumed 
that  some  "sanitization"  of  the  data  had  occurred  and  that  It  should  be  dis- 
regarded. 

There  existed  an  area  of  question  as  to  interpretation  of  this  data, 
however.  Much  of  the  naval  sheltered  data  were  collected  from  submarine 
applications,  which  may  present  a more  benign  environmental  stress  than 
defined  for  naval  sheltered  conditions.  If,  In  fact,  submarine  environment 
approaches  that  of  ground  benign,  and  this  data  were  reevaluated  on  that 
basis,  much  more  of  the  data  would  have  been  accepted  by  the  homogenlty 
test.  The  effort  allotted  for  this  study  did  not  permit  a conclusive  per- 
suit  of  this  matter. 

Regardless,  the  naval  sheltered  data,  which  was  retained  In  the  data  base, 
was  supportive  of  the  recommendation  in  Reference  4 that  electronic  failure 
rates  are  lower  for  shipboard  environment  than  for  aircraft  environment. 

The  aircraft  environment  was  expanded  to  four  categories  to  separate 
supersonic  aircraft  from  other  types.  It  Is  generally  accepted  that  equipment 
on  supersonic  aircraft  Is  exposed  to  higher  levels  of  shock,  vibration,  and 
acoustic  noise,  and  to  a more  severe  operating  temperature  range  than  equip- 
ment on  other  aircraft.  Also  the  mission  duration  Is  usually  much  shorter  for 
supersonic  aircraft,  thereby  creating  more  cyclic  problems.  Therefore,  signi- 
ficant differences  In  reliability  are  expected  and  have  been  observed.  The 
quantitative  relationships  of  the  new  factors  were  taken  from  the  study  reports 


Reference  4. 


Pearce,  M.B.  and  Rise,  C.D.,  "Technique  for  Developing  Equipment 
Failure  Rate  K Factors,"  Boeing  Aerospace  Company,  December  1*)73. 
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pt  of  References  4 and  5 and  are  summarized  in  Table  4.  The  subscripts  F and  T, 

as  added  to  symbols  Aj  and  Ay,  designate  application  In  fighter  type  aircraft 
and  transport  type  aircraft  respectively. 

4.2  Quality  Factors 

After  all  data  had  been  normalized  and  compared  to  a basic  failure  rate 
as  predicted  by  existing  MIL-HDBK-217B,  the  general  pattern  that  emerged  Indi- 
cated an  across-the-board  variance  In  favor  of  the  observed  failure  rates. 

This  was  attributed  to  the  continuing  maturation  of  the  semiconductor  manu- 
facturing Industry.  With  the  advent  of  JANTX  and  JANTXV  quality  specifi- 
cations and  the  growing  market  demand  for  these  devices,  more  semiconductor 
production  lines  are  being  controlled  to  higher  quality  standards.  Correc- 
tive action  feedback  from  tests  of  the  higher  quality  product  tends  to  Infuse 
quality  Improvement  to  all  products  In  a given  plant. 

Revisions  to  MIL-HDBK-217B  could  be  implemented  either  by  reducing  the 
base  failure  rate  factor.  A,  or  by  reducing  the  quality  v factors.  The  latter 
method  was  chosen  and  included  in  the  changed  section  2.2,  which  is  included 
as  attachment  to  this  report. 

4.3  Discrete  Semiconductor  Groupings 

During  the  study  a suggestion  was  received  that  semiconductors  should  be 
grouped  according  to  MIL-STD-701.  This  suggestion  has  basis  for  considera- 
tion In  tl?at  the  semiconductor  type  groupings  in  MIL-STD-701  are  generlcally 
related  and  therefore  very  likely  have  similar  failure  mechanisms,  life  char- 
acteristics, and  temperature  coefficients.  A failure  rate  derived  exclusively 
from  field  experience  of  devices  of  that  family  and  a prediction  model  based 
upon  that  data  would  undoubtedly  be  more  consistent. 


However,  the  validity  of  this  theory  could  not  be  established  or  rejected 
from  the  data.  While  over  200  billion  hours  of  part  operating  data  were  col- 
lected, only  a very  few  groupings  from  MIL-STD-701  Included  enough  operation 
time  to  establish  a statistically  valid  failure  rate. 

For  example,  the  first  group  In  MIL-STD-701,  Table  I,  lists  only  two 
JEDEC  registration  numbers,  1N647  and  1N649.  A JANTX  quality  device  operated 
In  ground  benign  environment  at  standard  temperature  (25°C)  and  30  percent 
applied  stress  Is  predicted  to  have  a mean  time  between  failure  of  approxi- 
mately 500  million  hours.  A test  to  evaluate  the  degree  to  which  this  relia- 
bility Is  achieved,  would  require  accumulated  part-hours  equal  to  several 
times  the  expected  MTBF,  a number  In  excess  of  1 billion  hours.  Likewise, 
this  number  of  part  operating  hours  would  be  required  for  each  combination  of 
environment,  quality  level,  electrical  stress,  and  temperature.  Even  with  the 
present  seven  groups  (excluding  microwave  transistors  and  diodes)  we  must  make 
extensive  use  of  extrapolation  of  data  and  engineering  judgements  to  validate 
the  existing  models. 

Reference  5.  Kern,  G.A.,  and  Drnas,  I.M.,  "Operational  Influences  on  Reliabil- 
ity," p 5-4,  Hughes  Aircraft  Company,  RADC-TR-76-366,  December 
1976. 


It  is  thus  concluded,  aC  least  from  the  data  base  of  this  study,  that 
any  additional  subdivision  of  groupings  In  MIL-HDBK-217  Is  not  practical  un- 
less prediction  models  are  established  on  some  basis  other  than  operating 
failure  data. 

Recommended  changes  are  summarized  In  Tables  4 and  5. 


Table  4.  Environmental  Factors 


Old 

New 

1 

1 

Sf 

1 

Sf 

1 

^F 

5 

S 

5 

25 

10 

«S 

25 

^T 

12 

25 

Vr 

20 

25 

St 

25 

40 

'‘u 

25 

40 

^F 

25 

Sjf 

40 

40 

Table  5.  Quality  Factors 


Group  I 


Group  III 


Group  II 


Group  IV 


Group  V 


Old 


New 


Old 


New 


Old 


Old 


New 


New 


New 


0.8 

1.6 

8.0 

40.0 

80.0 


0.5 

1.0 

5. 

25.0 

50.0 


0.5 

1.0 

5.0 

25.0 


0.5 

1.0 

5.‘ 

25.0 


0.15 

0.3 

1.5 

7.5 


0.6 

3. 

15. 


2. 

10.0 

20.0 


6.0 

12.0 


2. 

10.0 

20.0 


6. 

12.0 


Quality 


JANTXV 


Lower 

Plastic 
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5.0  CONCLUSIONS  AND  RECOMMENDATIONS 


5.1  Conclusions 

A very  substantial  effort  was  made  during  this  study  program  to  gather  all 
available  data  on  semiconductor  failure  experience  In  field  applications.  Fur- 
ther, careful  scrutiny  was  given  the  collected  data  to  verify  the  accuracy  and 
completeness  of  all  variables  that  currently  exist  In  MIL-HDBK-217B.  It  Is 
believed  that  this  study  has  been  successful  In  bringing  together  some  valid 
conclusions  and  In  so  doing  has  Improved  MIL-HDBK-217B. 

Some  consternation  was  felt  by  those  Involved  with  this  project  for  the 
Inordinate  difficulty  encountered  In  gathering  a limited  amount  of  Information, 
at  least  when  measured  against  the  vast  number  of  known  semiconductor  applica- 
tions In  military  equipments.  Part  of  this  problem  appears  to  be  caused  by  the 
competitive  nature  of  the  aerospace  Industry  and  the  real  or  Imagined  advantage 
that  might  be  "given  away"  by  divulging  such  Information. 

As  a general  conclusion  from  both  the  data  analysis  and  from  literature 
and  survey  comments,  the  mathematical  models  of  section  2.2  In  MIL-HDBK-217B 
are  valid  with  only  minor  modifications  required.  These  modifications  Include 
the  changes  to  the  environmental  and  quality  n factors. 

5 . 2 Recommendat Ions 

Detailed  studies  should  be  performed  to  determine  the  difference  between 
submarine  and  shipboard  sheltered  environments.  Data  from  these  two  environ- 
ments were  combined  during  this  study  because  there  was  no  statistical  Justi- 
fication for  separating  them.  This  was  a result  of  Insufficient  comparative 
data  with  which  to  perform  a statistical  test.  Shipboard  data  are  more  diffi- 
cult to  obtain,  because  documentation  of  failures  to  the  part  level  is  not  done 
as  rigorously  as  for  submarine  systems. 

Military  data  collection  systems  should  be  reevaluated  so  that  more  relia- 
bility oriented  Information  can  be  collected.  These  systems  presently  are 
useful  for  logistics  and  replacement  data  studies,  but  are  difficult  and  some- 
} times  Impossible  to  use  as  a source  for  reliability  data.  In  defense  of  these 

I data  collection  systems,  note  that  one  problem  In  collecting  part-level  data 

i Is  the  growing  tendency  to  throw  away  failed  modules  rather  than  Isolate  and 

! repair  failed  parts  within  them. 
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*No  failure  rate  was  calculated  for  this  entry.  It  Is  Included  in  the  coaq>oslte  calculation  indicated  by  ** 
tThls  entry  has  been  deleted  from  the  data  base. 
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tTbla  entry  haa  been  deleted  froa  the  data  base. 
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tThls  entry  has  been  deleted  from  the  data  base. 
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DISCRETE  SEMICONDUCTORS 

2.2  DISCRETE  SEMICONDUCTORS 

The  semiconductor  transistors  and  diodes  section  has  been 
revised  to  present  the  failure  rate  data  on  the  basis  of 
ambient  or  case  temperature  rather  than  normalized  tempera- 
ture and  includes  the  effect  of  various  quality  grades  and 
adjustment  factors  on  the  failure  rate.  An  analytical  model 
of  the  failure  rate  is  also  presented. 

The  applicable  MIL  specification  for  transistors  and  diodes 
is  MIL-S-19500.  The  quality  levels  (JAN,  JANTX,  JANTXV)  are  as 
defined  in  MIL-S-19500. 

The  general  failure  rate  model  for  transistors  and  diodes  is i 

Xp  ■ ^b^^E  * ’^A  * ^ ^S2  ^ ’^C  * ’'r^  failures/lO**  hours 

where  the  various  factors  are  defined  in  Section  1. 

The  various  types  of  semiconductors  require  different  failure 
rate  models  that  vary  to  some  degree  from  the  basic  model.  The 
semiconductor  generic  groups  are  shown  in  Table  2.2-1.  The 
specific  failure  rate  model  and  the  it  factor  values  for  each 
group  are  shown  in  the  section  dealing  with  that  group. 


TABLE  2.2-1 

DISCRETE  SEMICONDUCTOR  GENERIC  GROUPS 


Part  Type 

Group 

A.  Transistors 

Silicon  NPN  Germanium  PNP 

Silicon  PNP  Germanium  NPN 

I 

Field  Effect  Transistors 

II 

Unijunction 

III 

B.  Diodes  and  Rectifiers 

Silicon  (General)  Germanium  (General) 

IV 

Voltage  Regulator  (ianer,  Avalanche) 

Voltage  Reference  (Temp.  Comp.  Zener,  Avalanche) 

V 

Thyristors 

VI 

C.  Microwave  Semiconductors  and  Special  Devices 
Detectors  Mixers 

VII 

Varactors  Step  Recovery  Tunnel 

VIII 

Microwave  Transl.'itors 

IX 
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Th*  equation  for  the  base  failure  rate,  , is: 

\ / 273  + T (AT)  S 

273  + T + (AT)  sj  \ T 

® M 


A is  a failure  rate  scaling  factor. 

e is  the  natural  logarithm  base,  2.718 
N7,  Tjyr  and  P are  shaping  parameters. 

T is  the  operating  temperature  in  degrees  C,  ambient  or  case,  as 
applicable  (see  Section  2.2.9  for  instructions). 

AT  is  the  difference  between  maximum  allowable  temperature  with  no 
Junction  current  or  power  (total  derating)  and  the  maximum 
allowable  temperature  with  full  rated  junction  current  or  power. 

S is  the  stress  ratio  of  operating  electrical  stress  to  rated 
electrical  stress  (see  Section  2.2.9  for  S calculation). 

The  values  for  the  constant  parameters  are  shown  in  Table  2.2-2.  The 
resulting  base  failure  rates  as  functions  of  temperature  and  electrical 
stress  are  shown  in  tables  for  each  part  type  in  Sections  2.2.1  through 
2.2.8.  These  tables  are  based  on  the  typical  maximum  Junction  tempera- 
tures ( fully  derated ) of  100  degrees  C for  germanium  ( 70  degrees  C for 
microwave  types)  and  175  degrees  C for  silicon  (150  degrees  C for 
microwave  types)  as  well  as  a value  of  25  degrees  C for  the  maximum 
temperature  at  which  full  rated  operation  is  permitted.  If  device 
temperature  ratings  are  different  from  these  values,'  see  Section  2.2.9 
for  S calculations  to  compensate  for  these  differences. 

The  base  failure  rate  tables  contain  failure  rates  up  to  full  rated 
conditions.  If  a particular  operating  condition  of  S and  T is  high 
enough  to  fall  into  a blank  portion  of  the  table,  the  device  is 
overstressed,  and  a device  with  greater  power  rating  should  be 
selected  for  the  application. 
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TABLE  2.2-2 

DISCRETE  SEMICONDUCTOR  BASE  FAILURE  RATE  PARAMETERS 


Constants 

Group 

Part  Type 

A 

**T 

m 

P 

ATT 

Transistors 

Si,  NPN 

0.13 

-1052 

448 

10.5 

150 

Si,  PNP 

0.45 

-1324 

448 

14.2 

150 

I 

Ge,  PNP 

6.5 

-2142 

373 

20.8 

75 

Ge,  NPN 

21 . 

-2221 

373 

19.0 

75 

II 

FET 

0 . 52 

-1162 

448 

13.8 

150 

III 

Unijunction 

3.12 

-1779 

448 

13.8 

150 

Diodes 

Si,  Gen.  Purp. 

0.9 

-2138 

448 

17.7 

150 

IV 

Ge,  Gen.  Purp. 

126 

-3568 

373 

22.5 

75 

V 

Zener/Avalanche 

0.04 

-800 

448 

14 

150 

VI 

Thyristors 

0.82 

-2050 

448 

9.6 

150 

Microwave 

Ge,  Detectors 

0.33 

-477 

343 

15.6 

45 

Si,  Detectors 

0.14 

-392 

423 

16.6 

125 

VII 

Ge,  Mixers 

0.56 

-477 

343 

15.6 

45 

■> 

Sig  Mix«rs 

0.19 

-394 

423 

15.6 

125 

Varactor, 

■ 

VIII 

Step  Recovery  & 

.93 

-1162 

448 

13.8 

Tunnel 

■ 

Transistors 

Microwave 

See  Section  2 

.2.9 

IX 
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DISCRETE  SEMICONDUCTORS 
CONVENTIONAL  TRANSISTORS 


;PECIKI  CATION 


[SSCRimON 


MI L-S- 19500 


Part  failure  rate  model  (^p) 


failures/10^  hours 


where  the  factors  are  shown  in  Tables  2. 2. 1-1  through  10 


TABLE  2. 2. 1-1 
E FOR  GROUP  I TRANSISTORS 


Environment 


TABLE  2. 2. 1-3 
Q,  FOR  QUALITY  FACTOR 


TABLE  2. 2. 1-2 
FOR  GROUP  I TRANSISTORS 


Application 


Quality  Level 


JANTXy 


Linear 


Logic  Switch 


JANTX 


High  Frequency 
( freq.  > 400  MHz 
and  aver,  power 


Plastic** 


•Hermetic  packaged  devices. 
**Devices  sealed  or 

encapsulated  with  organic 
materials. 


TABLE  2. 2. 1-4 

’’r  for  group  I TRANSISTORS 


Power  Rating 
( watts ) 

’'R 

< 1 

1 

> 1 to  5 

1.5 

> 5 to  20 

2.0 

> 20  to  50 

2.5 

> 50  to  200 

5.0 

m:l--;.5k-217b 
7 oHPIElyBER  1976 
DISCRETE  S3-(IC0WDUCT0aS 
CONVENTIONAL  TRANSISTORS 


TABLE  2. 2. 1-5 
FOR  GROUP  I TRANSISTORS 


Volta9e  Stress,  S. 


Applied  (V^g) 
Rated  (V„  -) 


TABLE  2. 2. 1-6 


ir  FOR  GROUP  I TRANSISTORS 
C 


complexity  (1) 

’'c' 

Single  Transistor 

1.0 

Dual  (Unmatched) 

0.7 

Dual  (Matched) 

1.2 

Darlington 

0.8 

Dual  Emitter 

1.1 

Multiple  Emitter 

1.2 

Complementary  Pair 

0.7 

X 100 


S^  (percent) 

"s  * 

100 

3.0 

90 

2.25 

80 

1.65 

70 

1.2 

60 

0.88 

SO 

0.64 

40 

0.48 

30 

0.36 

20 

0 

0 

10 

0.30 

0 

0.30 

for  S22.22 
’^82-0.3  for  S2<22 


(1)  Each  transistor  in  a case  must  be  treated 
individually  for  complexity  factor.  Its 
failure  rata,  X , modified' by  other  x factors 
and  than  multiplied  by  this  complexity  fac- 
tor. If  only  one  transistor  of  a pair  is 
used,  treat  as  an  independent  item  with 
• 1.0, 
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TABLE  2. 2. 1-7 

MlL-S-i9500  TRANSISTORS,  GROUP  I,  SILICON,  NPN 
BASE  FAILURE  RATE,  , IN  FAILURES  PER  10^  HOURS 

D 


+ 


j(Oc ) 1 .1 

1 .2 

1 .3 

1 .* 

1 .5 

1 

1 .6 

1 - 

1 .7 

.6 

1 .9 

1 1*0 

1 0I.O03A 

1.00*1 

1 .00*6 

1 .0057 

1 .0067 

1 .0079 

1 .0099 

.011 

1 .01* 

1 .016 

1 101.003b 

1 .00*6 

1 .005* 

1 .006* 

1 .0075 

1 .0069 

1 .010 

.013 

I.OI7 

1.023 

1 20I.00A3 

1.0051 

1 .0060 

1 .0071 

1 .006* 

1 .010 

I .012 

.019 

1 .020 

1 .029 

1 25  1 .0046 

1 .0054 

1 .0064 

1 .0075 

1.0089 

1.010 

1.013 

.017 

1.023 

1.033 

1 3o'*00** 

1 *0057 

1 .00**  7 

1 .0079 

1 .00^5 

1 *011 

I.Ql* 

•01® 

1*025 

1 

1 AOI.005A 

1 .006* 

t .0075 

1 .0069 

1 .010 

1 .013 

1.017 

.023 

1 .033 

1 

1 50I.O0A0 

1 .0071 

1 .000* 

1 .010 

1 .012 

1 .015 

1 .020 

.029 

1 

1 

1 

1 

1 i 

! 55l,O06A 

1.0075 

1 .0089 

1 .010 

1 .013 

1 .017 

1.023 

.033 

1 

1 

1 

1 601.0067 

1.0079 

1.0095 

1 .0)  1 

1 .01* 

1 .018 

1.029 

1 

1 

1 651  0071 

1 00** 

1 010 

1 012 

1 015 

1 020 

1.029 

1 

1 

• 

. • 

. • 

. • 

• 

1 

1 

1 701.0075 

1 .0009 

1 .010 

1 .013 

1 .017 

1 .023 

1 .033 

1 

1 

1 751  0079 

1 0095 

1 oil 

1 01* 

1 ,016 

1 025 

1 

1 

1 

1 001*.  OOPA 

1 *.010 

1 *.012 

1 *.015 

1 '.020 

1 .029 

1 

1 

1 

1 

1 

i 1 

1 051.0009 

1.010 

1 .013 

1 .017 

1 .023 

1 .033 

1 

1 

1 

I 

1 901,0095 

1.011 

1 .01* 

i.ois 

1 ,025 

1 

1 

1 

1 

1 951.010 

1 .012 

1 .015 

i .020 

1 .029 

1 

1 

1 

1 

1 

1 

1 i 

! 1001 .010 

1.013 

1 .017 

1.023 

1.033 

1 

1 

1 

1 

1.018 

1 .020 

'an 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

! 1151 .013 

1 .017 

1.023 

1 .033 

1 

i 

1 

1 

1 

11201 .OlA 

1 .010 

1 .025 

1 

1 

1 

1 

;i25l.0l, 

! .020 

1.029 

1 

1 

1 

1 

1 

1 

1 

1301.017 

1.023 

1 .033 

1 

1 

1 

1 

1 

135, .019 

, .025 

1 

1 

1 

1 

1 

1 

1 

lAO! .020 

1.023 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1«.5  ! , 023 
1501.025 

1 55 1.029 

1.033 

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

! 1601 .033 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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TABLE  2. 2. 1-9 

MZL-S-19SOO  TRANSISTORS,  GROUP  I,  SILICON,  PNP 
BASE  FAILURE  RATE,  X , IN  FAILURES  PER  10^  HOURS 


f 

1 1 

1 T 1 _ _ 

S 

•+ 

1 

|(®C)|  *1 

1 *2 

1 >3 

1 .4 

1 .9 

1 .6 

1 .7 

.1— 

.8 

1 .9 

1 l.j 
, 1— 

1 

1 01.0045 

1 .0097 

1.0070 

1 .0089 

1 .010 

I .012 

1 .014 

.018 

1 .022 

1 .030 

1 

1 101.0053 

1.0069 
1 .0079 

1 .0080 

1 .0096 

1.011 

1.^ 

1.016 

.021 

1 .027 

0 00 

1 

1 201.0061 

1 .0091 

1 .010 

1 .013 

1 .019 

1.019 

.024 

1 .034 

1 

1 25  1 .0065 

1.0080 

1 .0096 

1 .011 

1 .013 

1 .016 

1 .021 

.027 

1 .039 

1 

1 So'»oo'^o 

1 .00*^ 

1 *010 

1 *012 

1*014 

1 ,018 

1*022 

•030 

1 *o49 

1 

1 

1 401.6680 

1.0096 

1 .011 

1.013 

1 .016 

1 .021 

1 .027 

.039 

1 .063 

1 

1 

1 901.0091 

1 .010 

1 

1 .013 

1 

1.019 

1 

1 .019 

1 

1 8024 

1 

1 .034 

1 

.093 

1 

1 

1 

1 

1 

1 

1 951.0096 

1 .011 

1.013 

1 .016 

1 .021 

1 .027 

1 .039 

.063 

.81 

1 

1 

1 601.010 

1.012 

1.014 

1.018 

1 .022 

1 .030 

1 .049 

1 

1 

1 

1 651.010 

1.013 

1 

1.019 

i 

I.OI9 

1 

1,024 

1 

1 .034 

1 

1 ,093 

1 

1 

1 

1 

1 

1 

1 701.011 

1 .013 

1 .016 

1.021 

1 .027 

1 .039 

1 .063 

1 

1 

1 

1 791.012 

1 .014 

1.018 

1.022 

1 .030 

1 ,045 

1 

1 

1 

1 

1 iOI.013 

1.019 

1 .019 

1 

1 .024 

1 

1 .034 

1 

1 .093 

1 

1 

f 

1 

1 

1 

1 

1 

1 

1 891.013 

1.016 

1 .021 

1.027 

1 .039 

1 .063 

1 

1 

1 

1 

1 901.014 

1.018 

1.022 

1.030 

1.0^ 

1 

1 

1 

1 

1 

1 991.019 

1.019 

1 

1.024 

1 

1 .034 

1 .093 

1 

1 

1 

1 

1 

1 

1 

1 

\ 

1 

1 

1 1 

11001.016 

1.021 

1.027 

1.039 

1 .063 

1 

1 

1 

1 

1 

Il09l .Ol* 

1*022 

1 .030 

1 .049 

1 

1 

1 

1 

1 

1 

11101.019 

1.024 

1 

1.034 

1 

1.093 

1 

1 

1 

1 

1 

1 

1 

1 

1 

II19I.021 

1.027 

1.039 

1.063 

1 

1 

1 

1 

1 

1 

1 

Il2el«022 

1 .030 

1.049 

1 

1 

1 

1 

1 

1 

1 

11251.024 

1 1 

1.094 

1 

I. 033 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11301.027 

1 119 j .030 
11401.094 

1.039 

1.049 

1.093 

1 

1.063 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11491.039 

1.063 

1 

I 

1 

1 

1 

t 

1 

1 

1 

1 

1 

11901.049 

1 

1 

1 

1 

1 

1 

1 

1 

11951.093 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

11601.063 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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TABLE  2.2.1-^ 

MIL-S-19500  TRANSISTORS,  GROUP  Z,  GERMANIUM,  PNP 
BASE  FAILURE  RATE,  X , IN  FAILURES  PER  10^  HOURS 


+ - - + 


l(®C)l  .1 

1 1 

.2 

.3 

.4 

.5 

1 .6 

1 .7 

1 .8 

1 .9 

1 1.9 

1 

1 

01  .f'o?! 

.0038 

.0046 

.0056 

,0067 

1 .0080 

1 .0095 

1 .011 

1 .013 

1 .017 

1 

1 

,0043 

.0052 

.0043 

.0075 

1 .OO9O 

1.013 

1,013 

1 .OU 

1 ,029 

1 

1 

i6i .0041 

.0049 

.0059 

.0071 

.0084 

1 .010 

1 .912 

1 .015 

1 .018 

1 .025 

1 

1 

1 5 ^ • 004^ 

.0056 

.0067 

.0080 

.0095 

1.0,. 

1 ,9i  3 

1 .0,7 

1 .022 

1 .03, 

1 

1 

1 

201 .0052 

.0063 

.0075 

.0090 

.010 

1 .013 

1 .916 

1 .020 

1 .027 

1 .041 

1 

I 

25 1 .0059 

.0071 

• 00  B 4 

.010 

.OI2 

1 .015 

1 .318 

1.025 

1 ,035 

1 ,056 

1 

1 

1 

301.9067 

.9080 

.0095 

.011 

.013 

1 .017 

1 .922 

1 .031 

1 .047 

1 

1 

1 

351.0075 

.0090 

.010 

.013 

.016 

1 .020 

1.927 

1.041 

1 

1 

401 .9084 

,010 

.012 

.015 

.018 

1 .025 

1 ,035 

1 .056 

1 

1 

1 

t 

451 .9095 

.oil 

.013 

.017 

.022 

1 .031 

1 .947 

1 

1 

1 

501,010 

.013 

.016 

.020 

.027 

1,041 

1 

1 

551.012 

.015 

.018 

.025 

.035 

1 .056 

1 

1 

1 

1 

601,013 

,017 

.022 

.031 

.047 

1 

1 

1 

651.016 

• 020 

.027 

.041 

1 

1 

701. 01„ 

.025 

.035 

,056 

1 

1 

1 

1 

751.022 

.031 

.047 

1 

1 

1 

80| .027 

.041 

1 

1 

1 

1 

1 

1 

1 

1 

851.035 

1 

• 056 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

90 1 .0^7 

1 

1 

1 

1 

1 

1 

1 
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TABLE  2.2.1-10  * 

MIL-S-19500  TRANSISTORS,  GROUP  I,  GERMANIUM,  NPN 
BASE  FAILURE  RATE,  X , IN  FAILURES  PER  iO^  HOURS 


t' 

1 

1 

1 

T 1 

S 

+ 

1 

\i^)\  *1 

' *2 

I 

1 

1 *4 

1 .5 

1 .6 

1 .7' 

1 .8 

.... 

• l»3‘ 

1 

1 

0 ! .0076 

1 .0094 

1 .oil 

1 .014 

1 .016 

1 .020 

1.324' 

1.029 

.036 

1 .046 

1 

1 

1 

5'  0088 

1 010 

I .013 

1 .015 

1 .019 

1 .023 

1 .028 

1 .034 

,042 

1 ,055 

1 

1 

10  ’ lolo 

1 .012 

1 .014 

1.018 

1 .021 

1 

i:026 

1 

|!o32 

1 

i:039 

1 

:oso 

1.067 

1 

1 

1 

I 

1 

I5l .Oil 

1 .014 

1 

1 .016 

I 

1 .020 

1 .024 

1 .029 

1 .336 

1.046 

.060 

1 .083 

1 

1 

1 

201,013 

1.015 

1 .019 

1 .023 

1.028 

i .034 

1,042 

1,055 

,074 

I.io 

1 

1 

25, .014 

,.018 

,.021 

,.026 

1*032 

,.039 

1*330 

|.067 

.065 

|.14 

1 

1 

1 

301.016 

1 020 

1 ,024 

1 029 

1 .036 

1 046 

1 .360 

1,083 

.12 

1 

1 

1 

1 

I 

35, .019 

11023 

1 .028 

|:034 

(.042 

11055 

11074 

iho 

1 

1 

1 

1 

401.021 

1 

1.026 

1 

1.032 

1 

1.039 

1 

1,050 

1 

1.067 

1 

1.095 

I 

1.14 

1 

1 

I 

1 

, 

1 

45  1 .024 

1 .029 

1.036 

1 .046 

i ,060 

1 .083 

1*12 

1 

1 

1 

1 

501,02, 

1,034 

1,042 

1.055 

1 ,074 

1,10 

1 

1 

1 

1 

1 

551 .032 

1 .039 

1 .050 

1 .067 

1 .095 

1.14 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

60  1 .036 

1 .046 

I 

1 *060 

1 .083 

1.12 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

65'."^* 

'.O55 

1.074 

I.IO 

1 

1 

1 

1 

1 

1 

1 

701 .050 

1 .067 

1,095 

1.14 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

751.060 

1 .083 

1.12 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

80 1 .074 

t .10 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

as*  *^95 

1 

I.U 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

901.12 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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;rete  semiconductors 


DESCRIPTION 


SPECIFICATION 


MIL-S-19500 


Silicon  Field  Effect  Transistors 


Part  failure  rate  model  (Xp): 

Xd  = (tt-  X It.  X TTn  X iTp)  failures/10^  hours 


where  the  factors  are  shown  in  Tables  2. 2. 2-1  through  5 


TABLE  2. 2. 2-2 

A for  group  II  TRANSISTORS 


TABLE  2. 2. 2-1 

'OR  GROUP  II  TRANSISTORS 


Envlroament 


TABLE  2. 2. 2-3 
FOR  GROUP  II  TRANSISTORS 


Complexity 


Single  Device 
Dual  Unmatched 
Dual  Matched 
Dual  Complementary 
Tetrode 


TABLE  2. 2. 2-4 
Q,  QUALITY  FACTOR 


•Hermetic  packaged  devices. 
••Devices  sealed  or  encapsulated 
with  organic  materials. 


Application 

V 

A 

Linear 

1.5 

Logic  Switch 

0.7 

High  Frequency 
( freq . > 400  Ifiz . 
aver,  cower < 300  mw! 

5.0 

1 ■.  ‘'V 


BEST  AVAIUBLETOPY 


TABLE  2. 2. 2-5 


m'--nDBK-2l'>:. 
20  SEPTEMBER  197; 

DISCRETE  SEMICONDUCTORS 


GRP.  II,  PET  BASE  FAILURE  RATE  (F./IO^  HRS.) 


1 

IT’ 

•+ 

1 

f^yj'.  • ' 

: *2 

1 

! • 3 

1 • V 

1 .5 

9 6 

1 .7 

1 .8 

1 ,9 

1 1.3 

! 

I .011 

1 .613 

1 .016 

1 .019 

1 .022 

1 .0^' 

1 .031 

1 .039 

1 .052 

1 

1 in. 013 

1 .Ol? 

1 .015 

1 .Ol8 

1 .Opl 

1 .Ojv 

1 .079 

1.036 

1.0^7 

1.06ft 

1 

: 2c;.''l2 

1 .015 

1.017 

1 .020 

1 .023 

i .028 

1 .93v 

1 .0V3 

i .058 

1 .088 

I 

: 251  .012 

1 .015 

1 .013 

1 .021 

1 .024 

1 .029 

1 .036 

1 .047 

1 .066 

1 .10 

1 

i 30 i •013 

> .Ol<» 

1 .019 

1 .022 

1 .026 

1 .031 

1 .339 

i *052 

1 

1 

: ‘*o:.6i5 

1 .019 

1 .021 

1 .02V 

1 .029 

1 .036 

1 .0V7 

1.066 

1 .10 

1 

1 

: ioi.oi’T 

1 .020 

1 

1 .023 

1 

I .028 

1 

1 .03V 

* 

1 .0^3 

I 

1 .958 

( 

1 .088 

1 

1 

I 

1 

1 

1 

1 

) 

1 55<.01» 

1 .021 

1 

1 .02V 

1.029 

1 .036 

1 ,0V7 

1 .066 

1.10 

1 

1 

1 

1 

! 601. 

1 .022 

1.026 

1 .031 

1 .039 

1 .052 

1 .076 

1 

1 

1 

1 

1 1 .020 

t t 

1 .021 

1 

1 .ozn 

1 

1 .03V 

1 

1 ,0V3 

1 

1 .058 

1 

1 . 38s 

1 

1 

1 

1 

1 

1 

1 

1 

1 

. 701,021 

1 .02V 

1 .029 

1 .036 

1 .0V7 

1 .066 

1 .10 

1 

1 

1 

1 

! 75:.,02? 

1 .02^ 

1.031 

1.039 

1 .052 

1 .076 

1 

1 

1 

1 

1 

! .029 

1 

1 .03V 

I 

1 .063 

1 

t .058 

1 

1 .088 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 391.02V 

1 .029 

1 .036 

1 ,0V7 

1 

I .066 

1 .10 

1 

1 

1 

1 

1 

: 001. 02ft 

1 .031 

1 .039 

1 .032 

1 .076 

1 

1 

1 

1 

1 

1 

1 ‘»5!.32* 

1 .03V 

1 

1 .0V3 

1 

1 .058 

1 

1 .088 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

i 

\ 

: 160 1 .029 

1 .036 

1 .0V7 

1 

1 .066 

1 .10 

1 

1 

1 

1 

1 

1 

1 lo5 1 .o3l 

1 .039 

1 .o52 

1 .o"^* 

1 

1 

1 

1 

1 

1 

1 

1 1101 ,03V 

1 0V3 

• 

1 ,958 

1 

I ,088 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

|119| .036 

1 .0V7 

1 .066 

1.10 

1 

1 

1 

1 

1 

1 

1 

1 1201 .039 

1 .052 

1.076 

1 

1 

1 

1 

1 

1 

1 

1 

1 1251 

1 f 

1 .o3ft 

1 

1 «n55 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11301  ,0V7 

1 ,066 

1.10 

1 

1 

1 

1 

1 

1 

1 

1 

11351.052 

1 .076 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 IVO  1 .0511 

1 t 

1 .OSl 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 IV9 ! .06A 

1 .19 

1 

1 

» 

t 

1 

1 

1 

1 

1 

1 

1150! .074 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11951.089 

1 1 

1 

1 

1 

1 

I 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

! l4U  1 .10 
! 1 

1 

1 1 

1 

i 1 

1 

1 

1 

1 

1 

1 

1 

1 

» 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

( 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

• V 
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MIL-llUBK-JlVB 


DISCRETE  SEMICONDUCTORS 
UNIJUNCTION 

2.2.3  Transistors,  Group  III 

SPECIFICATION  DESCRIPTION 

MIL-S-19500  Unijunction 

Part  failure  rate  model  (Xp): 

^P  “ * ^E  * fail^uresAO^  hours 

where  the  factors  are  shown  in  Tables  2. 2. 3-1  through  3- 


TABLE  2.2. 3-1  TABLE  2.2. 3-2 

FOR  GROUP  III  TRANSISTORS  QUALITY  FACTOR 


f 

.Supersedes  pa^e  2.2.3-!.  20  Sep  74 


MIL-iiDBK-217B 

20  SEPTBIBER  1974 

DISCRETE  SEMICONDUCTORS 
UNIJUNCTION 

TABLE  2. 2. 3- 3 

MIL-S-19500  TRANSISTORS,  GROUP  III,  UNMUNCTION 
base  FAXLOM  KATS,  a , IN  FAILURES  PER  10^  HOURS 


r 


aD-AOSO  iSl  martin  marietta  aerospace  ORLANDO  FLA  F/t  9/1 

failure  rate  mathematical  models  For  discrete  semiconductors. (U) 

jAN  70  T H BUTLER*  D F COTTRELL*  « M MAYNARD  F30602-70-C-03S7 


I 

I 


I 

I 


: JE^icoNi/Ucr.RS 

'ieneral  purpose 

riodes,  Group  IV 

SPECIFICATION 

MIL-S-19W0 

Far'L.  failure  rate  model  (^p) 

X-  = /.  f7T_  X 7i-  X IT.,  X 


W ^VMUBlt 


COPY 


DESCRIPTION 


Silicon,  General  Purpose 
Germanium,  General  PuiTpose 


X.  = (tt_  X TTj.  X X 1T^  JC  TTg^  X 1T^)  failures AO®  hours 
•.■TiC-rr  *.he  f&c*i.Dr3  are  shown  in  Tables  2. 2. 4-1  through  8. 


r31E  2. 2.4-1 

IV  DIODES 


TABLE  2. 2. 4-2 


QUALITY  FACTOR 

Quality  Level 

TtQ 

JANTXV 

0.15 

JANTX 

0.3 

JAN 

1.5 

Lower* 

Plastic** 

7.5 

15.0 

♦Hermetic  packaged  devices. 

** Devices  sealed  or  encapsulated 
with  organic  material. 

TABLE  2. 2. 4-3 
TTp  FOR  GROUP  IV  DIODES 


Current  Rating 
( amps. ) 

’’R 

< 1 

1 

> 1 to  3 

1.5 

> 3 to  10 

2.0 

>10  to  20 

4.0 

>20  to  50 

10.0 

.pierrcies  page  2. 2. 4-1.  20  Sep  74 
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MIL-KDBK-217B 
7 SEPTEMBER  1976 
DISCRETE  SSaeCONDUCTORS 
DIODES,  GENERAL  PURPOSE 

» 


FOR  GROUP  XV  DIODES 


Application 


Small  Signal  (^500  ma.  ) 

1.0 

Logie  Switching 

0.6 

Power  Rectifier  (>500  ma.  ) 

1.5 

Power  Rect.  (U.V.  StacKa) 

V max  > 600 

2 . 3/ j unction 

TABLE  2. 2. 4-5 

GROUP  IV  DIODES 

Voltago  Ser«*«,  S - 
Vr  ■ diode  reverse  voltage.  *'*  • 


(Percent) 


0 to  60 
70 
80 
90 
100 


TABLE  2. 2. 4-6 
C,  CONSTRUCTION  FACTOR 


ContAct  Construction 


liitallurgloBlly  Bonded 

Non-netsllurglcslly  Bonded 
(Spring  loaded  contacts) 


Supersedes  page  2.2.4«2,  20  Sep  74 
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I4Ii^HDBK-217E 
7 SEPTEffflER  1976 
DISCRETE  SEMICONDUCTORS 
DIODES,  GENERAL  PURPOSE 


BEST  /Vw;;L',:: 


DIODES,  GENERAL  PURPOSE 


TABLE  2. 2. 4 -7 

MIL-S-19500  DIODES,  GROUP  IV,  SILICON 

BASE  FAILURE  RATE,  , IN  FAILURES  PER  10^  HOURS 

D 


|(®C)  .1 

t t 

1 .2 

.3 

1 .41  .51  .6 

1 .7 

.8 

1 ,9 

1 

1 Ol.OOO^ 

1 .00.17 

.0010 

1 .00161 .00191 .0025 

1.0033 

.0063 

1.0057 

1 101.  ">006 

1 ,0009 

.0013 

1 .00171 .00231 .0030 

1.0035 

.0052 

1 .0072 

1 20..  00'*" 

1.0012 

.0016 

1.0021 1 .0027, .0036 

1.0067 

.0066 

1.0095 

- 25  i .0009 

i .0013 

.0017 

1.0023  1 .0030  1 .0039 

1 .0052 

.0072 

1 .011 

1 lOl.'tOl^ 

1 .oou 

.0019 

1 .0025 1 . OO33 1 .OO43 

1 .OO57 

.0082 

I.OU 

i ioi.'^on 

1.0017 

.0023 

1 .00301 .00391 .0052 

1 .0072 

.011 

1 .020 

I 5.) ! . noi  *' 

1.0021 

1 

• 002T 

1 .0036 1 .00^7 1 .0056 
1 1 1 

1 .30’5 

.016 

1 

1 

55  1 .‘'01 7 

1.0023 

.0030 

! .00391 .00521 .0072 

1.011 

.020 

1 

' '•O'. 0019 

1 .0025 

.0033 

1 .00431 .00571 .0062 

1 .913 

1 

: 05|  TO?l 

• 

1 . 0027 

0036 

• 

1 ,00471 ,0066 1 ,0095 

t 1 1 

1 ,016 

1 

1 

1 701.0023 

1 .1010 

.0039 

1 .0052 1 .0072 1 .011 

1 .020 

1 

! 75!  0025 

1 0033 

004  3 

1 00571  00821  013 

1 

! 50'*.  0027 

I ’.0036 

’.0047 

! ’.00661  ’.00951  .016 

1 

1 

i ( 

1 P5U0030 

1 .0039 

.0052 

1 1 1 

1.00721.011  1.020 

1 

1 

1 O0I.O033 

I.OO43 

.0057 

1.00821.013  1 

1 

• *>51. '1036 

1 .0047 

.0064 

1.00951.016  1 

1 

1 1 

I IPOI  ,'>03^ 

1 .0052 

.0072 

ill 

I.Oll  1.020  1 

1 

1 

• 105  1 *.00^3 

1 .oos"^ 

•00^2 

1*013  1 [ 

1 

: no  1 .0047 

1 .0064 

.0095 

1.016  1 1 

1 

1 t 

11151 .0052 

1 .0072 

.Oil 

1 1 1 

1.020  1 1 

1 

1 

' 120 1 .0057 

1 .00"2 

.013 

; 1 1 

1 

• l?5 ' •"064 

1.3005 

.OU 

t 1 1 

1 1 1 

1 

1 

11301.0072 

1 .Oil 

.020 

1 1 1 

1 

j 135 1 .00»2 

1.013 

i 1 1 

1 

11401 .0075 

1.016 

1 1 1 

1 1 1 

1 

I 

i 

'1451.011 

1.020 

; 1 1 

1 

; 1501  .*'13 

1 

1 1 1 

1 

1155'  .‘116 

! 1 1 

1 

1 

11601.120 

1 1 

1 1 

1 1 

■ 1 1 

! 1 1 

! 1 1 

1 1 1 

1 I 1 

1 

1 

1 

1 

• 00B2 
.Oil 

•ou 
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1 SEPTEfflER  1976 
DISCRETE  SEMICONDUCTORS 
DIODES,  GENERAL  PURPOSE 

TABLE  2.2.4 -8  * 

MIL-S-i9500  DIODES,  GROUP  IV,  GERMANIUM 
BASE  FAILURE  RATE,  IN  FAILURES  PER  10®  HOURS 


1 

1 

1 

4- 

1 

1 

S 

■ 

1 

1 

( 

1 

®C) 

1 .1 

! .2 

1 .3 

1 .4 

1 .5  1 .6  1 .7 

1 1 1.— 

1 .81  .9 

1 1 

1 1.0 

1 

1 

i 

1 

0 

1 .0003 

1 .0005 

1 .0097 

! .0009 

1 .00131 .0017] .0022 

1.00301 .0040 

1 ,0054 

1 

5 

1 OOOA 

1 3006 

1 0008 

1 .0011 

1 ,00151,00201,0027 

1.00361,0049 

1.0068 

\ 

1 

10 

1 l0005 

1 *3008 

r.OOlO 

1.0014 

1 .00191 .00251.0033 

1.00441.0061 

1 .0087 

1 

1 

IS 

1 ,0007 

! .3009 

1.3313 

1 .0017 

1 1 1 

1 .0022! ,00301 .0040 

1 1 
1.00541.0077 

1 ,011 

I 

1 

20 

1.0008 

1.3011 

! .OOI5 

1.0020 

1 .00271.00361,00^9 

i .3068> ,010 

I.Ols 

1 

i 

1 

25 

1 ,0010 

1 ,3014 

1 ,0019 

1 .0025 

1 .0033) .0044| .0061 

1 1 1 

1 .00871 .013 

1 1 

1 .024 

1 

1 

1 

1 

30 

1 *0013 

1 .001  ^ 

1 *3022 

1 .0030 

1 .00^0 1 ‘Oo*® • »0077 

1.011  I.0l9 

1 

1 

1 

35 

1 ,0015 

1 .3020 

1 .0027 

1 .0036 

1 .00491 .00681 ,013 

!.016  1 

1 

• 

1 

^0 

1 .0019 

1 .3325 

1 .0033 

1 .0044 

1 .00611 .00871 ,013 

1 I 1 

1.024  1 

1 1 

1 

f 

1 

1 

AS 

1 .0022 

1 .3030 

1 .0040 

1 .0054 

1.00771.011  1.319 

1 1 

1 

1 

50 

1 ,0027 

1 .0036 

1 .0049 

1 .0068 

|.010  1,016  1 

1 1 

1 

) 

- 

1 

1 

55 

1 .0033 

1 .30^* 

1 .00®! 

1 .oos"^ 

1-013  1-02^  1 

1 1 ( 

1 1 

1 1 

1 

1 

[ 

1 

e 

1 

1 

60 

1 .0040 

1 ,0054 

1 .0077 

1 .Oil 

1.019  i 1 

1 1 

1 

f 

j 

1 

65 

1 .0049 

1 .0068 

1.010 

1 .016 

1 1 1 

1 1 

1 

I 

1 

70 

t ,0061 

1 ,0087 

1 .013 

1 .024 

1 1 1 

i 1 1 

1 1 

1 

1 

1 

1 

1 

75 

, .0077 

1 .011 

1.019 

1 

1 

1 1 1 

1 I 

1 

1 

80 

1,010 

1.316 

1 

1 

1 1 1 

1 1 

1 

1 

t 

85 

1 ,013 

1.024 

1 

1 

1 

1 

1 1 1 

1 [ 1 

1 1 

1 1 

1 

1 

f 

! 

1 

1 

90 

1,019 

1 

1 

1 ! 1 

1 1 

1 
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Ml  L-HDBK-;;i7b 


Application 


Envi ronment 


Voltage  Regulator 

Voltage  Reference 
(Temp.  Compensated) 


Sp 

Gp 

Ns 

Ait 

Aut 

Nu 

Aip 

auf 

Ml 


DISCRETE  SEMICONDUCTORS 
ZENER  AND  AVALANCHE  DIODES 

2.2.5  Diodes,  Group  V 

SPECIFICATION  DESCRIPTION 

MIL-S-19500  Voltage  Regulator  and  Voltage 

Reference  ( Zener  & Avalanche ) 

Pari  failure  rate  model  (^p): 

('"p  X % X ^q)  fallures/10^  hours 
'.vhere  the  factors  are  shown  in  Tables  2.2. 5-1  through  4. 

TABLE  2.2. 5-1  TABLE  2. 2. 5-2 

’'e  fop.  group  V DIODES  ^A  FOR  GROUP  V DIODES 


TABLE  2.2. 5-3 
Q,  Quality  Factor 


Quality  Level 

"q 

JANTXV 

0.3 

JANTX 

0.6 

JAN 

3.0 

Lower** 

15.0 

Plastic**** 

30.0 

Supersedes  page  2.2. 5-1,  20  Sep  74 


««Devlces  sealed  or  encapsulated 
with  organic  materials. 
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lflL>HDBK-217B 


DISCRETE  SEaCCONDUCTORS 
THYRISTOR 

2.2.6  Diodes,  Group  VI 

SPECIFICATlOil  DESCRIPTION 

MII/-S-19500  Thyristors 

Part  failure  rate  model  (Xp): 

Ap  • X iTq  X Wj  X fallures/lO^  hours  * 

where  the  factors  are  shown  in  Tables  2. 2. 6-1  through  4. 


TABLE  2. 2. 6-1 
FOR  GROUP  VI  DIOMS 


TABLE  2. 2. 6-2 
*Q,  (^lity  Factor 


Environment 

"e 

Gb 

1 

Sp 

1 

Cp 

5 

Ns 

10 

Ait 

12 

aut 

20 

Gm 

25 

Nu 

25 

Aip 

25 

auf 

40 

Ml 

40 

Quality  Level 

JANTXV 

.5 

jAtrric 

1.0 

JAN 

5.0 

Lower* 

25. 

Plastic** 

50. 

^Hermetic  packaged  dwrlcas.  • 
**Devloes  sealed  or  eneapeulated 
with  organic  material. 


TABLE  2.2. 6-3 
»R  FOR  GROUP  VI  THYRISTORS 


Rated  Average 

Forward  Anode  Current 

Nr 

(amps. ) 

It 

< 1 

1 

> 1 to  5 

3 

> 5 to  25 

10 

> 25  to  50 

15 

Supersedes  Page  2. 2. 6-1,  20  Sep  74 
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MII.-HOBK-217B 
7 9EPTEMEEH  1976 

DISCRETE  SEMICONDUCTORS 
THYRISTOR 


TABLE  2. 2. 6-4  it 

MIL-S-19500,  CROUP  VI,  ThYHISTORS 

BASE  FAILURE  RATE,  IN  FAILURES  PER  10*>  HOURS 


4 

1 

1 T 

S 

•+ 

1 

|(®c) 

• •\ 

1 .2 

1 .3 

1 

• 6 

1 .51  .6 

1 .7 

1 , 

1 .8 

1 

1 .9 

1 

1 1.3 

1 

I 0 

1 ,0006 

1 ,0009 

1 .0013 

.0018 

1 .00261.0033 

1 .0066 

1 .0099 

1 .0081 

1 .011 

1 

1 10 

1 .000# 

1 ,0012 

1 ,0016 

.0022 

1 .00301,0039 

1,0093 

1,0072 

1,010 

1 ,016 

1 

1 20 

1 .0010 

1 .0015 

1 .0020 

.0027 

00361.0068 

1.0069 

1.0090 

1 .012 

1.019 

1 

1 25 

I .0012 

1 .0016 

1 .0022 

.0030 

1 .0039  1 .0053 

1 .0072 

1 .010 

1. 014 

1 .022 

1 

1 3O 

1 .001  3 

1 .0018 

1 .0024 

;SSii 

1 *004^1 .OOs’ 

1.0081 

1.011 

1 .017 

1 

1 

1 <*0 

1 .0016 

1 .0022 

1 .0030 

1 .00931 .0072 

1.010 

1.016 

1.022 

1 

1 

1 ’0 
t 

1 .0020 

1.002”^ 

1 .0036 

f 

,00** 

1 000^^1 *00^0 

t 1 

IfOlZ 

1 

1 .01’ 

1 

1 

1 

1 

1 

1 

1 

1 95 

I .0022 

1 .0030 

1 .0039 

.0093 

I .00721.010 

1 .016 

1.022 

1 

1 

1 

1 60 

1 ,0026 

1 .0033 

1 .0066 

.0059 

1.00811.011 

1 .017 

1 

1 

1 

1 

: 69 

1 ,0027 

1 ,0036 

1 ,0068 

,0065 

1 ,00901,012 

1,019 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 70 

1 .0030 

1 .0039 

1 .0093 

.0072 

1.010  1.016 

1.022 

1 

1 

1 

1 

I 75 

1,0033 

1 ,0066 

1 ,009a 

.0081 

I.Oll  1,017 

1 

1 

1 

1 

1 

1 «0 

1 ,0036 

1 .0068 

1 .0065 

1 

.0090 

1.012  1.019 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 85 

1 .0039 

1 .0093 

1 .0072 

.010 

1.016  1.022 

1 

1 

1 

1 

1 

! 90 

1 ,006* 

1,0059 

1 .OOsl 

.011 

I.OI7  1 

1 

1 

1 

1 

1 

1 95 

1.0068 

1 .0065 

1.0090 

.012 

1.019  1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1100 

1 .0093 

1 ,0072 

1 ,010 

.016 

1.022  1 

1 

1 

1 

1 

1 

Il05 

1 .00*’ 

1 .00*1 

1 *011 

• Ol^ 

1 1 

1 

1 

1 

1 

1 

mo 

1 .0069 

1 ,0090 

1.012 

.019 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1115 

1 ,0072 

1 .310 

1 .016 

.022 

1 1 

1 

1 

1 

1 

1 

1120 

1 .0081 

1 .011 

1 .017 

1 1 

1 

1 

1 

1 

1 

Il25 

1 

1,0090 

I.OI2 

1 .019 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1130 

1.010 

1 .016 

1 .022 

1 1 

1 

1 

1 

1 

1 

(135 

1160 

f 

1 .Oil 

1 .012 

1 .017 

1 .019 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1169 

1 ,016 

1.022 

1 i 

1 

1 

I 

1 

1 

1150 

1.017 

1 1 

f 

1 

1 

1 

1 

1 

1155 

4 

1 .019 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 160 

! 

1 

1 .022 

1 1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

1 

1 

1 

1 

1 

1 

1 

! 

I 

1 

• 6 
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HOL-HDBK-217B 
7 SEPTEMBER  1976 
DISCRETE  SEMICONDUCTORS 
MICROWAVE  DIODES 

2.2.7  Diodes,  Group  VII 

SPECIFICATICW 


MIL-S-19500 


DESCRIPTION 


Microvave  Detectors  and  Mixers, 
Silicon  and  Germanium 


Part  failure  rate  model  (^p): 

X ’’j  X '"q  fallures/lO^  hours 
where  the  factors  are  shown  in  Tables  2. 2.7-1  through  6. 


TABLE  2. 2. 7-1 
FOR  GROUP  VII  DIOMS 


TABLE  2. 2. 7-2 
1*0,  QUALITY  FACTOR 


^0  SEPIBiBR  1974 

OXSCJtBTB  SBNZCOliDtICTORS 
MZCROBAVB  DIODES 

TABLE  2. 2. 7-3 

NXL-S-1B500  DIODES,  GROUP  VZI  SILICON  HZCRONAVE  DETECTORS 
BASE  FAILURE  RATE,  , IN  FAILURES  PER  10^  HOURS 




1 1 

1 T 1 

S 

1 

o 

Smi' 

• 

1 .2 

> .3 

i .6 

1 .9 

1 *6 

1 .7' 

1 .8 

1 .9 

1 1.3 

1 

1 01.039 

lio37 

1.039 

1.062 

1.066' 

1.067 

l.09o' 

1.099 

1.062 

1.079 

1 

1 91.036 

1 .036 

1 .060 

1 .062 

1,069 

1 .068 

1 ,092 

1,097 

1,066 

1.082 

1 

1 101.037 

1:039 

1 .061 

1.063 

i:066 

1 .069 

1.096 

1.060 

i:072 

1 

1.092 

1 

I 

I 191.036 

1 .060 

1 .062 

1.066 

1.067 

1.091 

1 .996 

1.066 

1.078 

1.10 

1 

1 

1 201.03a 

1,061 

1 .063 

1.066 

1.06, 

1.093 

1.09, 

I.O69 

1 

1.12 

1 

1 291.039 

1.062 

1 

1 .066 

1 

1.067 

1.090 

1 

1.099 

1 

1.962 

1.079 

1 

1.19 

1 

1 

1 1 

1 301.060 

1 .062 

1 .069 

1 .068 

1 .092 

1 .097 

1 *066 

1.082 

1.11 

1 

1 

1 

1 

1 391.061 

1.063 

1 . 066 

1.069 

1*056 

1.060 

1.07* 

1.078 

1 

1.092 

••13 

1 

1 

1 

1 601.062 

1 .066 

1 

1 .067 

1 

1.091 

1 

1.096 

1 

1.066 

1 

1.10 

1 

1 

1 

1 

1 1 

1 691.063 

1 

1 *066 

1.069 

I.o93 

1.099 

I *069 

1.387 

1*12 

1 

1 

1 

1 

1 901.066 

1.067 

1 .090 

1.099 

1.062 

1.079 

1*098 

1.19 

1 

1 

1 

1 991.069 

1 

1.092 

1 

1.097 

1 

1.066 

1 

1.082 

1 

1*11 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 « 

1 601.066 

1.069 

1 .096 

1 .060 

1.072 

1 .092 

1*13 

1 

1 

1 

1 

1 

1 

1 

1 691.067 

1.091 

1.096 

1.066 

1.078 

1.10 

1 

1 

1 

1 

1 

( 701,069 

1 1 

1.093 

1.09, 

1 

I.O69 

1 

1,087 

1 

•.12 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 791. 09p 

1.099 

1.062 

1.079 

1.098 

1.19 

1 

1 

1 

1 

1 

1 

1 

1 

1 801.092 

1 ,097 

1 

I,0b2 

1.11 

1 

1 

1 

1 

1 

1 

t 99U094 

1 1 

1.060 

1 

1.092 

1 

1*13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 901.096 

1.006 

1.076 

I.IO 

1 

1 

1 

1 

1 

1 

1 

1 

I 95I.O59 
11001.062 

1 1 

I.0a9 

1.079 

1 

1.0B7 

1.098 

1.12 

1.19 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11091.066 

1.092 

1.11 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I110I.072 

I.o92 

1.13 

1 

1 

1 

1 

1 

1 

1 

1 

jll9j.07. 

j.io 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

|120|.0t7 

1.12 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11291.098 

11301.11 

1 1 

1.19 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11391, i3 

1 1 

1 1 

1 1 

1 i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

« 
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DZSCWBTK  SEMICONDUCTORS 
MZCRONAVE  OZOOSS 

TABLE  2.2.1- i 

NZL-S-19500  DZOOES,  GROUP  VZZ,  SZLxCOM  MZCROWAVE  KZXERS 
BASS  FAZLURE  RATE,  ZM  FAZLURES  PER  10^  HOURS 


IIS  i 

i(Oc)i  .1 

1 .2 

1 .3 

1 .4 

1 .9 

1 .6 

1 .7 

1 

1 .8 

1 .9 

1 1.0  i 

1 01. ''47 

1 .090 

1 .053 

1 .056 

1 .060 

1 .064 

1 .069 

1 .076 

1 .086 

1.10  1 

1 91.049 

•.05? 

1.359 

l.05» 

1 .061 

1 .066 

1*371 

l.079 

i.o’l 

' *11  • 

1 ioi.o9n 

1 .053 

1 

1.056 

1 

1 .059 

1 

1 *063 

1 

1 .068 

1 

1 .076 

1 

1 .083 

1 

1 .099 

1 

1.12  1 

1 1 

1 151. o3l 

1.354 

1.057 

1;!!^ 

1 .069 

1 .o7g 

1*077 

l.089 

l:!i 

1.14  1 

1 201.05$ 

1 .095 

! .058 

1 .067 

1 .072 

1 .081 

i .095 

1.16  1 

1 251. o50 

1 .356 

1 

1 .060 

1 

1 .064 

1 

1 *069 

1 

1 

1 

1 .386 

1.10 

1 

1*13 

1 

1 *20  1 

1 1 

1 301.059 

1 .058 

1 .061 

1 .066 

1 .071 

1 .079 

1 .092 

1.11 

1.19 

1 1 

1 391.056 

1 .359 

1 .063 

1 .068 

1 .074 

1 .083 

1 . 099 

1.12 

1.18 

1 1 

1 401.057 

1.061 

1 

1 .069 

1 

1 .070 

1 

1 .077 

1 

1 .089 

1 

I .10 

1 

1.14 

1 

1 

t 1 

1 491.054 

1 .062 

1 .067 

1 .072 

1 .081 

1 .095 

1,12 

1.16 

1 

1 

1 1 

1 501.060 

1 .064 

1 .069 

1 .076 

1 .086 

1.10 

1.13 

1.20 

1 

1 1 

1 991.061 

1 .066 

1 .071 

1.079 

1 .092 

1*11 

» 

1.12 

1 *1$ 

1 

1 

1 1 

1 1 

1 601.063 

1 .068 

1 .074 

1.083 

1.099 

1.18 

1 

1 

t 

1 

1 1 

1 1 

1 651.065 

1.0,0 

•.«77 

1.089 

i.io 

1.14 

1 

1 

1 

1 1 

1 701.067 

1.072 

1 

I.OBl 

1 

1.099 

1 

1*12 

1 

1.16 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 
1 1 

1 791.069 

1 .076 

1.086 

1.10 

1.13 

1.20 

1 

1 

1 

1 1 

1 Ogl.oji 

1 851.074 

I.g79 

1.083 

1 

1 

I:h 

1 

l:ii 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 1 

1 1 

1 1 

1 \ 

1 90,. 077 

1 

1 .089 

1.10 

1.14 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 I 

1 1 

I 991.081 

1.095 

1.12 

1.16 

1 

1 

1 

1 

1 

1 1 

I100I.0S6 

1 1 

1.10 

1 

1.13 

1 

1.20 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

11091.092 

l.ll 

1.15 

1 

1 

1 

1 

1 

1 

1 1 

|110| .099 

1.12 

1 .18 

1 

! 

1 

1 

1 

1 

1 1 

11191.10 

1.14 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 1 

1 1 

11201.12 

I.l6 

1 

\ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 
1 1 

11291.13 

11301.19 

1 1 

1.20 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 
1 1 

11391.11 

1 1 

1 1 

1 1 

1 I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

{ 

\ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 t 

t i 

1 1 

1 1 
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TABLE  2.2 .7- 6 

NZL>S-19500  DIODES,  GROUP  VIZ,  GERMANIUM  MICROWAVE  MIXERS 
BASE  FAILURE  RATE,  X.  , IN  FAILURES  PER  10^  HOURS 


+• 

1 

1 

l( 

1 

S 

1 

“Oj  .1 

1 .2 

1 .3 

I .4 

1 .5 

1 .6 

1 .7 

1 .8 
^ 1 •••••• 

1 .9 

1 1.0 
• I 

1 

1 

o'  *10 

1.10 

1 *11 

1 'll 

1 *12 

1*12 

'•13 

1.14 

1 .iS 

1.16 

1 

1 

51,10 

1.11 

1.11 

1.12 

1.13 

1.13 

1.14 

1.15 

1.17 

l.ll 

1 

1 

101  .U 

1 

t.il 

1 

1.12 

I 

1.13 

1 

1.13 

1 

1.14 

1 

I.l5 

1 

1.17 

1 

1.19 

1 

1.21 

1 

1 

1 

1 

1 

1 

151 .11 

1.12 

1.13 

I.l3 

1.14 

1.16 

1.17 

1.19 

1.21 

1.25 

1 

1 

201.12 

1.13 

1.14 

I.l5 

1.16 

1.17 

1.1’ 

1.22 

1.25 

1.30 

1 

1 

251.13 

1.14 

1.15 

1 

1 .16 

1.17 

1 

1.19 

1 

1.22 

1 

1.25 

1 

1.30 

1 

1.37 

1 

1 

1 

1 

1 

1 

301.14 

1.15 

1.16 

1 .18 

1 .20 

1.22 

1.26 

1.31 

1 

1 

1 

1 

1 

1 

1 

351.15 

1.16 

1.18 

1.20 

1.23 

1,26 

1.32 

1 

1 

1 

1 

1 

401.16 

1.18 

1 

1.20 

1 

1.23 

1 

1 .27 

1 

1.32 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

45t .18 

1.20 

1.23 

1.27 

1.33 

1 

1 

1 

1 

1 

1 

1 

1 

501.21 

1 ,24 

1.28 

1 .34 

1 

1 

1 

1 

1 

1 

1 

1 

1 

551.24 

1 

1.2’ 

1 

1.35 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

601.29 

1.36 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

651.36 

( 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

MIL-HDBK-217B 

DISCRETE  SEMICONDUCTORS 

VARACTOR,  STEP  RECOVERY,  TUNNEL 


2.2.8  Diodes,  Group  VIII 

SPECIFICATION  DESCRIPTION 

MIL-S-19500  Varactor 

Step  Recovery 
Tuimel 


Part  failure  rate  model  (^p): 

failures/10^  hours 

v.here  the  factors  are  shown  in  Tables  2.2. 8-1  through  3. 


TABLE  2.2. 8-1 

for  GROUP  VIII  DIODES 


Environment 

’^E 

1 

Sp 

1 

Gp 

5 

Ns 

10 

Ajt 

12 

Aut 

20 

25 

N-, 

25 

25 

Aiji 

40 

Mt, 

40  j 

1 

f 

I 

L 


TABLE  2.2. 8-2 
ttq,  QUALITY  FACTOR 


Quality  Level 

JANTXV 

.5 

JANTX 

1.0 

JAN 

5.0 

Lower  » 

25.0 

•Hermetic  paclcaged  devices. 


« 
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DISCRETE  S'EMICONDUCTORS 
VARACTOR,  STEP  RECOVERY,  TUNNEL 


TABLE  2. 2. 8-3 

'1IL-S-19500  DIODES,  GROUP  VIII  VARACTORS,  STEP  RECOVERY,  6 TUNNEL 

BASE  FAILURE  RATE,  X.  , IN  FAILURES  PER  10^  HOURS 

D 


; T 1 

■.("C)!  .1 

1 .2 

1 .3 

1 .9 

1 .5 

1 .6 

1 .7 

1 .8 

1 .* 

1 1.9 

1 

1 01.019 

\ ^020 

1 .029 

1 .028 

1 .039 

1 .090 

1 .09?' 

1 .056 

1 .070 

1 .093 

1 

1 101. Old 

1:355 

1 .OjT 

\:l\i 

I.O37 

I.O99 

1.053 

1.065 

1.0*9 

1.11 

1 

1 201.021 

1 .030 

1 .092 

1 .050 

1.061 

1.077 

1 .10 

1.15 

1 

• 25  1 .022 

1 .027 

1.032 

1 .037 

1 .044 

1 .053 

1 .065 

1.084 

|.ll 

1 .18 

1 

: 3f>i.n2<* 

1 .028 

1 .039 

1 .0*0 

1 .097 

1 «059 

1 o'^o 

1 .993 

1.13 

1 

1 

1 <*01.027 

1 .032 

1 .037 

1 .099 

1 .053 

1 .065 

1 .3*9 

1.11 

1 .1* 

1 

1 

: 50!. 030 

t .035 

1 .092 

1 .050 

1 

1 .061 

1 

1 .077 

1 .10 

I.IS 

1 

1 J 

1 

1 

1 

t 

! ! 

; 551.-13? 

1 ,037 

1 .099 

1 .053 

J .065 

1 .0*9 

1.11 

1.18 

1 

1 

1 

1 

1 

! 601.039 

1 ,090 

1 .097 

1 .056 

1 .070 

1.093 

1*13 

1 

1 

1 

1 

I 65 '.•'’*5 

1.042 

I.O5O 

l.06l 

1 

1 .077 

1 

1.10 

1 

Ms 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 701.037 

1 .099 

1 .053 

1 .065 

1 .0*9 

1.11 

i.i* 

1 

1 

1 

1 

1 751. n^O 

1 501.092 

1.097 

1 .050 

1 .q96 

1 .061 

1:8?9 

1:?J* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

{ f 

! 

1,053 

1 

1 .065 

1 .0*9 

1.11 

1 .1* 

1 

1 

1 

1 

1 

1 

1 

1 

1 op'. 047 

1 ,056 

1 .070 

1 .09) 

1.I3 

1 

1 

1 

1 

1 

1 

: 051,050 

1 .061 

1 

1 .077 

1 

1 .10 

1 

1.15 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1001 .053 

1 .065 

1 .0*9 

1 .11 

t.l* 

1 

1 

1 

1 

1 

1 

1 

1 105 1 .o56 

1 .o^o 

1.0.3 

1.15 

1 

1 

1 

1 

1 

1 

1; 

1 1 1C  1 .061 

1,077 

1.10 

1 

|.15 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 115) .065 

1 .0*9 

1 .11 

1 .1* 

1 

1 

1 

1 

1 

1 

1 

11201 ,070 

1 ,093 

1.13 

1 

1 

1 

1 

1 

1 

1 

1 

1 1251 .077 

{ 1 

1.13 

1 

I.l5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11301 ,0*9 

1. 11 

1.1* 

1 

1 

1 

1 

1 

1 

1 

1 

11351.093 

1.13 

1 

1 

) 

1 

1 

1 

1 

1 

1 

11901.10 

1.15 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

:199| .11 

1 150 1.1  3 
! 1551 .15 

I 1 

1.18 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 1601 .1* 

1 1 

1 1 

! 1 

1 1 

1 

1 

1 

! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

>9 

2.2.64 
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2.2,9  Microwave  Transistors,  Group  IX 

SPECIFICATION  DESCRIPTION 


MIL-S-WOO 


Bipolar  microwave  power  transistor  for 
frequencies  above  200  lUz  and  average  power 
i 300  milliwatts 


The  part  failure  rate,  ^p,  is; 


X_.XnirwiriTir 
P BOAFTME 


where: 

» 0.10  failures/lO^  hours 
’’q  quality  factor,  Table  2. 2. 9-1 

» application  factor,  Table  2. 2. 9-2 
’'p  « factor  for  frequency  and  peak  operating  power.  Table  2. 2. 9-3 
» temperature  factor.  Table  2. 2. 9-4 
^11  * matching  network  factor.  Table  2. 2. 9-5 
■ environmental  factor.  Table  2. 2. 9-6 
See  bibliography  items  42-46  for  the  model  background. 

TABLE  2. 2. 9-1 
’'o,  QUALITY  FACTOR 


QUALITY  LEVEL* 


JANTXV  with  IR  scan  for  die  attach  and 
screen  for  barrier  layer  pinholes  on 
gold  metallized  devices 

JANTX  or  Equivalent 

JAN  or  Equivalent 

L0»fER  QUALITY 


Wg* 


2 

4 

10 


*-  Tnese  quality  values  apply  to  hermetically  sealed  devices  only,  and  do  not 
apply  to  devices  sealed  or  encapsulated  with  organic  materials. 
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TABLE  2. 2. 9-2 
i»A.  APPLICATION  FACTOR 


APPUCATION 

’'A 

Pulse  Amplifier,  Duty  Factor  < 5* 

1 

Pulse  Amplifier,  Duty  Factor  i 5f,  <,  30)1 

2 

Pulse  Amplifier,  Duty  Factor  > 30S 

4 

Continuous  Wave 

4 

Oscillator 

4 

TAB1£  2. 2. 9-3 

’'f,  FACTOR  P(»  OPERATING  POWER  AND  FREQUENCY 


PEAK  OPERATING  POWER  (WATTS) 


Freq. 

(GHz.) 

.03  to  5 

10 

20 

30 

100 

200 

300 

0.2  to  0.4 

1 

1 

1 

1 

1 

1 

3 

10 

1.0 

1.5 

1.5 

1.5 

1.5 

2 

5 

10 

1.5 

1.5 

1.5 

1.5 

1.5 

3 

10 

2.0 

2.0 

2.0 

6.0 

10 

20 

3.0 

4.0 

8.0 

20 

4.0 

10.0 

30 
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TABLE  2. 2. 9-4.  '"j,  TEMPERATURE  FACTOR 

( See  Note  Below  ) 


T (°C) 

Vc/BV 

CES 

Aluminum 

Vc/BV0£5  for  Refractory 
Metal-Gold 

0.40 

0.45 

0.50 

0753 

5)740 

0.45 

0.50 

100 

0.38 

0.76 

1.1 

1.5 

0.1 

0.2 

0.3 

0.4 

110 

0.57 

1.1 

1.7 

2.3 

0.1 

0.2 

0.3 

0.4 

120 

0.83 

1.7 

2.5 

3.3 

0.1 

0.2 

0.3 

0.4 

125 

1.0 

2.0 

3.0 

4.0 

0.25 

0.5 

0.75 

1.0 

130 

1.2 

2.4 

3.6 

4.8 

0.25 

0.5 

0,75 

1.0 

140 

1.7 

3.4 

5.1 

6.8 

0.25 

0.5 

0.75 

1.0 

150 

2.4 

4.7 

7.1 

9.4 

0.25 

0.5 

0.75 

1.0 

160 

3.2 

6.5 

9.7 

13. 

0.5 

1.0 

1.5 

2.0 

170 

4.4 

8.7 

13. 

17. 

0.5 

1.0 

1.5 

2.0 

180 

5.8 

12. 

17. 

23. 

0.5 

1.0 

1.5 

2.0 

190 

7.7 

15. 

23. 

31. 

0.5 

1.0 

1.5 

2.0 

200 

10. 

20. 

30. 

40. 

0.5 

1.0 

1.5 

2.0 

NOTES: 


Tabulated  values  of  ‘"-f  are  derived  from  the  following  equations: 

f 

.7|VC 


for  Aluminum,  » 3.%(10)'  1 

vEo 


\ ./5770J 

J e V*' V for  lOOlTl 


200 


fvc  \ 

For  Refractory  Metal-Oold,  Wj  * 2 t - .3S 


100 


fe-”) 


for  T < 125 

for  1251T1 160 


- 10 


for  160<T1200 


where: 


T is  peak  Junction  temperature  (°C), 

Vc  is  operating  voltage (volts), 

and  BVq£5  is  collector-emitter  breakdown  with  base  shorted  to  emitter  (volts). 
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table  2. 2. 9-5 
MATCHING  NETWORK  FACTOR 


TABLE  2. 2.9-6 
ENVIRONMENTAL  FACTOR 
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2.2.10  INSTRUCTIONS  FOR  USE  OF  SEMICONDUCTOR  MODELS 
2.2.10.1  Device  Ratings 

Transistors  are  normally  rated  at  maximum  power  dissipation  and  diodes 
at  maximum  current  permissible.  Usually  each  device  Is  given  two  temperature 
rating  points: 

i " Maximum  permissible  junction  temperature, 

^ T3  - Maximum  ambient  or  case  temperature  at  which  100  percent  of 

the  rated  load  can  be  dissipated  without  causing  the  specified  maxi- 
m:im  junction  temperature  to  be  exceeded.  (Case  temperatures  are 
given  primarily  for  power  devices  used  on  heat  sinks.) 

As  the  ambient  or  case  temperature  rises  above  the  Tg  value,  the  inter- 
nal temperature  rise  (i.e.,  the  power  load)  must  be  decreased  so  that  Tfiy^ 
is  not  exceeded.  This  is  illustrated  in  Figure  2.2.10-1. 


Figure  2.2.10-1.  Conventional  Derating  Curve 


temperature  at  which  derating  begins 


maximum  rated  junction  temperature 


* maximum  rated  power  at  T^ 

Maximum  junction  temperature  (T^^j^y)  is  normally  175  or  200“c  for  silicon 
and  lOO^C  for  germanium  devices.  Although  Tg  is  usually  25°C,  it  is  different 
for  same  devices  (such  as  power  devices) . 


8amm  davicM  hav*  • aultlpolnt  derating  curve  as  shown  by  the  solid  line 
in  the  exaaple  of  Figure  2.2.10>2.  The  failure  rate  of  a device  %fith  sulti- 
point  derating  can  be  eat lasted  with  the  present  Models  by  assuaing  the  device 
to  be  linearly  derated  froa  Tg  to  as  shown  by  the  dashed  line.  The  use 
of  this  assumption  will  result  in  a predicted  failure  rate  higher  than  that 
the  device  aight  aotually  experience,  with  the  asount  of  error  dependent  upon 
the  difference  between  the  two  rating  values  where  Tg  intersects  the  assvawd 
and  actual  rating  plots. 


c*u  \ >i 

Figure  2.2.10-2.  Hultipoint  Derating  Curve 
for  1N3263  Power  Diode 


Since  seal  conductors  nay  be  rated  based  upon  asft>ient  or  case  teaperatures 
the  following  guidance  is  included  for  calculating  base  failure  rates < 


Mo  leat  Sink  Deed  and  habient  Rating  Known  - Calculate  stress  and 
teaperature  (if  necessary)  per  paragra^  2.2.10.2  and  use  base  failure 
rate  table. 


Mo  Meat  Sink  Deed  and  Only  Case  Sating  Known  ' 
t^on  aahient  teaperature  cannot  be  detexsdned 
failure  rate  as  in  1 above  and  aultiply  by  lo 


Known  - Calculate  base  failure  rate  as 


Meat  Sink  Deed  and  Only  Sabient  Batina  Known  - Xf  device  rating  based 
upon  case  teaperature  cannot  be  detexnlned,  calculate  base  failure 
rate  as  in  1 above. 
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2.2.10.2  Determining  Appropriate  Stress  Ratio  & Temperature. 

The  base  failure  rate  tables  are  based  upon  ambient  or  case 
temperature  (T  degrees  C)  and  electrical  stress  r&tlo  (S).  The 
following  Instructions  show  the  methods  for  calculating  S.  In  some 
cases,  the  operating  ambient  or  case  T must  be  corrected  before  entering 
the  fallux^  rate  tables.  These  corrections,  where  needed,  are  indicated 
in  (7)  below.  Operating  Junction  temperatures  do  net  have  to  be 
calculated  to  use  the  models. 

(1)  Groups  I,  II  & III  Transistors, 
a.  Single  device  in  case. 

For  Silicon,  S ■ (C.F.)  For  Germanium,  S * ^2L. 

niAX 


where: 

PqP  * actual  power  dissipated 
P|l^  ■ maximum  rated  power  at  T5 

C.F.  » stress  correction  factor  per  (7)  below 
b.  Dual  device  in  single  case  (equally  rated). 


where: 

S ■ stress  ratio  cf  side  being  evaluated 

■ power  dissipation  in  side  being  evaluated 

^2  ■ poear  dissipation  In  other  side  of  device 

Ps  ■ oaxlmum  power  rati.ng  at  T5  of  one  side  of  the  dual 
device  wit.-;  t.-.e  other  side  not  operating  (one  side 
rating } 

Pj  ■ maximum  rating  at  T3  with  both  sides  operating 
(both  side  rating) 

NOTE;  Specifications  for  dual  devices  In  one  case 
usually  give  a maximum  rating  for  sach  device  and  a 
total  power  rating  which  Is  significantly  last  than  the 
sum  of  Individual  ratings. 

Gunersedes  pag#  2.2.10-4,  20  Sap  74 

2.2.10-4 


118 


MIL-HDBK-217B 
7 SEPTEMBER  1976 
DISCRETE  SQOCONDUCTORS 


fr 


C.F.  * stress  correction  factor  per  (7)  below  for  silicon 
C,F.  * 1.0  for  gennanlum 

(2)  Groups  IV  & VI  General  Purpose  Diodes  & Thyristors. 

For  Silicon,  S * ^OP  (C.F.  ) For  Gennanlum,  S * ^OP 


ImAX  "MAX 

where : 

Iqp  “ operating  average  forward  current 
^MAX  “ maximum  rated  average  forward  current  at  Tg 
C.F.  = stress  correction  factor  per  (7)  below 

(3)  Group  V Zener  Diodes 


Zener  diodes  are  rated  for  maximum  current  or  power  or 
both.  Either  rating  may  be  used  as  follows: 


S = ^(C.F.)  or  S » ^2(0P)  (c.F.) 

PmAX  ^z(max} 


where : 

?0P  * actual  power  dissipated 
P|ylAx  * maximum  rated  power  at  Tg 

^Z(OP)  ' actual  operating  zener  current 
Iz(max)  “ maximum  rated  zener  current  at  Tg 

C.F.  » stress  correction  factor  per  (7)  below 

(4)  Group  VII  Microwave  Mixer  Diodes 


Operating  Spike  Leakage  (grgs) 
Rated  Burnout  Energy  at  25  Qi 


agrees  C 


(5)  Group  VII  Microwave  Detector  Diodes 


g , ^0?  (Operating  Power  Dissipation) 
PMAX  ( Rated  Power  at  2$  degrees  C) 
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(6)  Group  VIII  Varactor,  Step  Recovery,  and  Tunnel  Diodes 


3 ■ 12£_  (C.F.) 

where: 

PqP  - operating  power  dissipated 
^IttX  ‘ nazlffiua  rated  power  at  Tg 
C.F.  • stress  correction  factor  per  (7)  below 
(7)  Stress  Correction  Factor  (C.F.) 

a.  Devices  with  T3  ■ 25  degrees  C i T^y  “ 175  degrees  C to 
200  degrees  C 

C.F.  - 1 

b.  Devices  with  Ts  f 25  degrees  C k T^^  “ ^75  degrees  C to 

200  degrees  C 

^ _ 175  - Tc 

C.F.  - ^ 


c.  Devices  with  T5  ■ 25  degrees  C 4 Tu^y^l75  decrees  C 

0.,.  . 

and  enter  table  with  T ■ T^^  ♦ (175  - 

or  T ■ Tq  ♦ ( 175  ” T^yy ) 

d.  Devices  with  Tg  f 25  degrees  C & T||^^175  degrees  C 

C.F.  • ^WLX  - 7s 

“TO 

and  enter  table  with  T ■ Tj^  ♦ (175  - Tyi^) 

or  T ■ Tc  ♦ (175  - Tmx) 
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2.2.11  Examples  of  Use  of  Semiconductor  Models. 

2.2.11.1  Exan^les  of  Stress  Ratio  Calculations  for  Dual  Transistors. 
Example  1. 

For  a 2N2060 

Ratings  P5  ■ 0.500  w 
PT  » 0.600  w 
Given  operating  conditions 
Side  one  P ■ 0.1  w 
Side  two  P ■ 0.4  w 
For  side  one 


« 

« 


P,  f 2Ps  - Pi  1 

s.  0.2  *0.4C§^).  0,2.  O.i  (1.333) 


“ 0.2  ♦ 0.5333 

s = 0.733 

For  side  two 


= ■ o *'  “• 


s « ♦ 0.1  (1.333)  - 0.8  ♦ 0.1333 

s - 0.933 

Example  2. 

For  the  same  transistor  as  Exaiq>le  1 
Given  operating  conditions 
Side  one  P ■ 0 w 
Side  two  P « 0.5  w 

2.2.11-1 
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S - 04  ♦ 0 (1.333)  • 1.0 
OTT 

Though  then  is  no  dlseipation  in  side  one,  beoeuM  of  the  heetlng 
froa  side  two,  the  stress  rmtlo  is  still  0.666.  If  one  side  of  s 
duel  is  not  connected,  trest  ss  single  trensistor. 


Given  opereting  conditions 


For  either  side 


2.2. 11.2  Specific  Steps  in  Coasting  Fsllure  Rates,  ^ 


The  generalised  stepe  for  coaputii^  a sealeonduotor  failure  rate  are 
suMarised  as  follows: 


Step  (1)  Collect  and  suBaarise  the  values  of  pareasters  basic  to 
prediction  for  the  specific  part  type. 

Step  (2)  Deteraine  the  appropriate  adjusted  stress  ratio,  S,  and 
operating  teaperature,  T.  (Refer  to  Seetion  2.2.10) 

Step  (3)  Locate  the  appropriate  K table  for  the  particular  group 
and  part  type,  bwlve  the  adjusted  stress  ratio 

and  reference  teaqperature. 

Step  (4)  Locate  the  appropriate  table  for  defining  and  extract 
the  appropriate  value  for  the  given  envlr  event al  servloe 
operation. 
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Step  (5)  through  Step  (N-1).  Locate  the  tables  appropriate  for  all 
the  other  adjustment  factors  and  derive  the  various  ir 
constants. 

Step  (N)  Perform  the  computation  indicated  in  the  mathematical  model 
appropriate  for  the  part  type. 

2.2.11.3  Examples  of  Failure  Rate  Calculations 


Example  1. 

Step  (1)  Given:  Silicon  NPN  general  purpose  JAN  grade  transistor  in 

linear  service  at  0.4  of  its  rated  maximum  power  of  1 watt  in  fixed 
ground  installation  at  30  degrees  C ambient,  rated  for  500  m 
at  25  degrees  C with  T|u^  « 175  degrees  C,  and  operated  at 
60  percent  of  maximum  voltage. 

Step  (2)  Stress  ratio,  S * (C.F.  ) • 0.4  x 1.0  » 0.4 


C.F.  » 1 for  T3  “ 25  degrees  C and  T||/^  “ i'*  degret 

Step  (3)  From  Table  2.2.1- 7 for  T - 30  degrees  C and  S • 0.4 
\ “ 0.0079  failures/10®  hours 

Step  (4)  Frcan  Table  2. 2. 1-1,  Fixed  Ground,  * 5 

Step  (5)  From  Table  2. 2. 1-2,  for  linear  operation, 

Step  (6)  From  Table  2. 2. 1-3,  for  JAN  quality  level,  »q  * 1.2 
Step  (7)  From  Table  2. 2. 1-4,  for  1 watt  rating,  - 1.0 


0.0079  (5  X 1.5  X 1.2  X 1.0  x 1.0  x 1.0) 
0.072  fatlures/lO®  hours 


Step  (1)  Given;  Field  effect  transistor  (FET),  JANTX  grade,  operating 
at  80  milliwatts  at  500  Ifiz  In  .Fighter  - Inhabited  servlct.mt 
60  degrees  C ambient  temperature,  f Rated  at  200  mllllwwtte, 
Tg  ■ 25  degrees  C and  Tjyj^  ■ 175  degrees  C) 

Step  (2)  Stress  ratio,  S ■ 80/200  ■ 0.4 


Step  (3) 

Step  (4) 
Step  (5) 
Step  (6) 
Step  (7) 
Step  (8) 


ExeapI*  3 
Step  (1) 

Step  (2) 
Step  (3) 

Step  (4) 

Step  (9) 
Step  (6) 
Step  (7) 

Step  (8 ) 

Step  (9 } 

Step  (10) 
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Froei  Table  2.2.2-$  for  T ■ 60  degrees  C and  S • 0.4, 

\ ■ 0.031  fellures/10®  hours 

From  Table  2.2. 2-1,  environeent,  - 25 

From  Table  2. 2. 2-2,  fr«q.  >400  IHz,  powr  ''300  me,  * 5.0  * 

Fro*  Table  2. 2. 2-4,  JAHTX  grade,  »q  ■ 0.24 

Froa  Table  2. 2. 2-3,  single  transistor,  *c  * 

Psrfom  the  calculation: 

« V*E  X Wa  * ’'Q  * ’^C) 

« 0.031  (25  X 5.0  X 0.24  x 1.0) 

^p  ■ 0.96  failures/lO®  hours 


Given:  Silicon  diode,  JAN  grade.  In  ground  aoblle  service 

at  0.4  rated  maxlaua  current  of  1 aap,  operated  at  30  degrees  C • 

ambient  In  logic  svltehlng  with  20  percent  of  rated  voltage. 

Rated  $0  ma  at  2$  degrees  C with  Tu^y  • 200  degrees  C and  naving 
a Mtallurgleally  bonded  contact. 


Stress  ratio,  S ■ 0.4  x 1.0  > 0.4  C.F.  ■ 1.0  for  T3  • 
2$  degrees  C snd  T^^y  • 200  degrees  C 


Table  2.2.4- 7 for  S 
0.0025  fallures/10® 


J 

■ 0.4  and  T • 
hours 


30  dsgrees  C, 


Froa  Table  2. 2. 4-1,  ground  aoblle  sendee,  *i  * 25 


From  Table  2. 2. 4-2,  JAN  grade,  wq  • 1.5 

Froa  Table  2. 2.4-3,  For  1 av,  Wa  ■ 1.0 
Froa  Table  2.2.4- 4.  logic  swi toning,  *a 


0.6 


Froa  Table  2.2.4- 5,  20  percent  rated  voltage,  *S2  " 


Froa  Table  2. 2.4-6,  astallurgically  bonded  contacts, 


e 


1.0 


PerfoTB  ths  calculation: 

\ (*I  * »Q  X *R  X *A  X »S2  * 

- 0.0025  (25  X 1.5  x 1.0  x 0.6  x 0.7  x 1.0}  * 

■ 0.039  fallurea/10^  hours 
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Example  4. 
Step  ( 3 ) 


Step  (2) 


Step  (3) 

Step  (4) 

S-ep  (5) 

Step  (6) 
Step  (7) 
Step  (8) 

Step  (9) 


Given:  Silicon  dual  transistor  (conqilenentary },  JAN  grade, 
rated  for  0.25  f.  at  25  degrees  C,  one  side  only,  and  0.35  W. 
at  25  degrees  C,  both  sides,  with  “ 200  degrees  C, 
operating  in  linear  service  at  50  degrees  C ambient  in  a 
sheltered  naval  environment.  Side  one,  NPN,  o^rating  at 
0.1  W.  and  50  percent  of  rated  voltage  and  side  two,  PNP, 
operating  at  0.05  W.  and  30  percent  of  rated  voltage. 


For  side  one,  stress  ratio, 
c - [Pl  . P2  f^ls  - (C.F.) 

C.F.  « 1.0  for  T5  * 25  degrees  C and  Ty^x  “ 200  degrees  C 

S - 0.48 


♦ 0.05 


/'2  X 0.25 

\ 6.3?T 


- Q.3i 


(1.0) 


From  Table  2. 2. 1-7,  for  T » 50  degrees  C and  S ■ O.48, 

» 0.012  fallures/10°  hours 

From  Table  2. 2. 1-1,  naval  sheltered,  * 10 

From  Table  2. 2. 1-2,  linear,  '''a  “ 

From  Table  2. 2. 1-3,  JAN  grade,  wq  ■ 1.2 

From  Table  2. 2. 1-4,  for  .25  watt.  ifD  ■ 1*0 

From  Table  2. 2.1- 5,  at  50  percent  of  rated  voltage,  *32  " 


From  Table  2. 2. 1-6,  for  complementary  pair, 


0.7 


Step  (10)  Perform  the  calculation  for  side  one: 

^P  “ S)  (^  * *A  * *Q  * ’^R  * *82  * *0^ 

Ip  ■ 0.012  (25  X 1.5  X 1.2  x 1.0  x 0.75  x 0.7) 

Ip  ■ 0.1134  fallures/10^  hours  for  side  one 

Step  (11)  For  side  two,  stress  ratio, 

S • 0.37 
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Step  (13) 
Step  (U) 

Step  (19) 


Exeaple  9. 
Step  (1) 

Step  (2) 


Step  (3) 

Step  (4) 
Step  (9) 
Step  (6) 
Step  (7) 
Step  (8) 

Step  (9) 
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From  Table  2. 2. 1-7,  for  T * 90  degrees  C and  S ■ 0.37, 

^ • 0.014  fallures/10^  hours 

*^E’  *Q'  ^R  * 

FroB  Table  2. 2. 1-4,  at  30  percent  of  rated  voltage, 

*S2  -0.36 

Perform  the  calculation  for  side  two: 

*p  ■ S>  t*E  * ’'a  * *Q  * *R  * *S2  * ^C) 

Xp  ■ 0.014  (10  X 1.5  X 1.2  X 1.0  x 0.36  x 0.7)  * 

]^p  * 0.06  failures/lO^  hours  for  side  two 


Given:  Silicon  diode,  JANTX  grade.  In  fixed  ground  service  at 
0.6  rated  niAv^ninn  current  and  40  percent  rated  voltage  In  power 
rectifier  operation  at  60  degrees  C ease  temperature.  Device 
rated  at  Tg  • lOO  degrees  C caae  temperature  and  T^y  " 190 
degrees  C and  has  a metallurglcally  bonded  contact. 


Stress  ratio,  S « 0.6  (C.F. ) » « 

Prom  Section  2.2.10.2, C.F.  ■ **^^7 


190  - 100  - 

— 


0.333 


S • 0.6  X 0.333  • 0.2 

Temperature  for  ^ cooiputatlon,  ^ ^ 

T • 89 


Prom 

S ■ 

Prom 

From 

Prom 

Prom 

Prom 


Table  2. 2. 4-6,  for  T - 89  degrees  C and  S ■ 0.2, 
0.0039  fallures/lO^  hours 

Table  2. 2. 4-1,  fixed  ground,  ■ 9 


Table  2. 2.4-2, 

Table  2. 2.4-3, 

Table  2. 2.4-4, 

Table  2. 2. 4-9, 

1.0 


JANTX  grade,  *q  • 0.3 

power  rectifier,  • 1.5 

at  40  percent  of  rated  voltage,  ■ 0.7 

for  metallurgloally  bonded  contacts. 


Per f on  the  calculation: 

*P  ■ S * *Q  * *A  X ^Sp  * *C) 

^P  • 0.0039  ( 5 X 0.3  X 1.5  x 0.7  x 1.0) 
^ ■ 0.006  fallurea/loA  hours 
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Example  6. 

Step  (1)  Given:  Microwave  transistor,  JANTX  Equivalent  quality,  in 
mobile  ground  environment  as  a pulse  amplifier  at  20t  duty 
factor  with  a power  output  of  30  watts  at  1.5  GHz.  The  device 
package  has  input  and  output  matching  networks  and  uses 
refractory  metal-gold  metallization.  Vc  * 28  v--lts  and  BVces  “ 

56  volts.  The  peak  Junction  temperature  is  140°C. 

Step  (2)  From  Table  2. 2. 9-1,  JANTX  Equivalent,  * 2. 

Step  (3)  From  Table  2. 2. 9-2,  pulse  amplifier  with  20*  duty  factor,  = 2. 

Step  (4)  From  Table  2. 2. 9- 3,  1»5  GHz.  & 30  watts,  ffp  = 1.5. 

Step  (5)  Vc/BVcEg  = 28/56  » 0.5.  From  Table  2. 2. 9-4,  Vc/BVces  ' 0-5» 

T * 140Pc,  and  with  refractory  metal-gold  metallization,  = 0.75. 

Step  (6)  From  Table  2. 2. 9- 5,  input  and  output  matching  networks,  = 1. 

Step  (7)  From  Table  2. 2. 9-6,  mobile  ground  (Gjyj),  Wg  * 4. 

Step  (8)  Perform  the  calculation: 


% ’’f  ^T  \ ^E 


« 0.1  (2)  2 (1.5)  0.75  (1)  4 


» 1.8  f allures/10  hr. 


